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1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 



Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 



For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
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Applicant s or agent's file reference 
BB1332 PCT 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/I PEA/4 16) 


International application No. 
PCT/USOO/04526 


international filing date (day/month/year) 
22/02/2000 


Priority date (day/month/year) 
22/02/1999 


International Patent Classification (IPC) or national classification and IPC 
C12N15/54 


Applicant 

E. I. DU PONT DE NEMOURS AND COMPANY et al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



I 




II 


s 


III 




IV 


eg 


V 


s 


VI 




VII 


□ 


VIII 
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citations and explanations suporting such statement 



Certain observations on the international application 
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05.04.2001 
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" European Patent Office 
fgfj D-80298 Munich 

Tel +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 


Authorized officer ^-s^rr-^ 
Roscoe, R (C Sul !) 



Form PCT/I PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELII 
EXAMINATION REPORT 




ARY 



International application No. PCT/USOO/04526 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as ^originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1-36 as originally filed 



Sequence listing part of the description, pages: 

1-50, as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

K contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



Claims, No.: 



1-42 



as originally filed 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



II. Priority 

1 . □ This report has been established as if no priority had been claimed due to the failure to furnish within the 

prescribed time limit the requested: 

□ copy of the earlier application whose priority has been claimed. 

□ translation of the earlier application whose priority has been claimed. 

2. □ This report has been established as if no priority had been claimed due to the fact that the priority claim has 

been found invalid. 

Thus for the purposes of this report, the international filing date indicated above is considered to be the relevant 
date. 

3. Additional observations, if necessary: 
s-*e separate sheet 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application, 
claims Nos. (1-20)part, 21-42. 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



□ the description, claims or drawings (indicate particular elements below?) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

E9 no international search report has been established for the said claims Nos. (1-20)part, 21-42. 
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2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. £3 This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1 , 13.2 and 13.3 is 

□ complied with. 

K not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

IS the parts relating to claims Nos. (1-20)part. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


2, 4-6, 9-15, 17, 19, 20 




No: 


Claims 


1, 3, 7, 8, 16, 18 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-20 


Industrial applicability (IA) 


Yes: 


Claims 


1-20 




No: 


Claims 
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2. Citations and explanations 
see separate sheet 

VI. Certain documents cited 

1. Certain published documents (Rule 70.10) 

and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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II. Priority 

Sequence ID Nos. 27/28, 39/40, 45/46 not found in prio document. So insofar as 
claims relate to these sequences, only filing date establishes priority. 

The methods of 1 1-13 and 19-20 also do not appear to be disclosed in the priority 
document and thus are also only entitled to priority from filing date. 

ML No Opinion 

Claims for which no Search Report established due to lack of unity: claims 1-20(all 
partially) and 21-42. 

IV. Lack of Unity 

The IPEA agrees entirely with the opinion set out by the ISA with regard to unity. 
No additional Search Fees were paid by applicant and hence only invention group 
1 can be subject ^ examination. The objection arises since the prior art discloses 
LPAATs from various plant species (see e.g. D1 or D2). Hence, there is no novel 
concept spanning the claimed sequences. 

V. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 

The documents mentioned in the present written opinion / International 
Preliminary Examination Report are numbered as in the search report, i.e. D1 
corresponds to the first document of the search report etc. 

Novelty (Art.33(2) PCT) 

In view of the priority situation, following novelty objections are raised: 

D5 discloses a maize EST having 98.9% identity to Seq.lD No, 27 over 637 bp. 

Cited against claims 1, 3, 7, 8, 16, 18. 

D6 discloses an EST with over 80% identity to antisense of Seq.lD No. 27 in 524 
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bp overlap. Cited against claims 1, 3, 7, 8, 16, 18. D7 anticipates same claims for 
similar reasons. 

D8 discloses a maize EST having 100% identity to antisense of Seq.lD No. 39 in 
398 bp overlap. Cited against claims 1 , 3, 7, 8, 16, 1 8. 

D9 discloses a maize EST having 100% identity in 585 bp overlap to Seq ID 
No.45. Cited against claims 1 , 3 T 7, 8, 16, 18. 

Inventive Step (Art.33(3) PCT) 

The problem solved by the present application is the provision of further LPAAT- 
like sequences. The solution of this problem is obvious, since several LPAAT 
sequences are already known, one merely has to scan through EST libraries 
either by mass sequencing and subsequent computer sequence comparisons or 
by hybridization screening using the known sequences. These are trivial methods 
used by a vast number of companies in the biotech industry. Applicant has not 
demonstrated function for any of his enzymes and thus could not have claimed to 
have solved any more s r ; ific problem (e.g. relating to substrate-specificity) by 
identifying any particular enzyme. Thus, no inventive activity at all can be 
detected in the present application. 

Industrial Applicability (Art.33(4) PCT) 

The present claims appear to have industrial applicability. 

VI. Certain documents 

In accordance with Rule 70.10, PCT, applicants attention is drawn to the following 
document(s): 

D10: WO-A-00/18889 (Publication date, 06.04.00; Priority date, 25.09.99; Filing 
date, 24.09.99) 

It is noted that D1 0 discloses sequences of high identity to Seq. ID Nos. 1 , 2, 27, 
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28, 39, 40 and 45 of the present application. 
VIII. Certain observations 
Clarity (Art.6 PCT) 

Claim 9 - a host eel! cannot be a virus, since a virus is not a form of cell. 

Claims 11, 14, 15, 18 - "nucleotide sequence of at least one of 30 contiguous 
nucleotides" is literally understood to include one nucleotide. Basically sequences 
of these claims totally undefined. However, it would seem that applicant means a 
sequence with at least one stretch of 30 nucleotides as defined in the listed 
sequence numbers. Examination has been provisionally performed on the basis 
of this interpretation . 

Claim 17 - claim 10 defines a polypeptide 
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Applicant's or agent's file reference 

BB1332 PCT 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION ( F orm PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 

PCT/ US 00/ 04526 


International filing date (day/month/year) 
22/02/2000 


(Earliest) Priority Date (day/month/year) 

22/02/1999 


Applicant 

E. I. DU PONT DE NEMOURS AND COMPANY et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 
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sheets. 



This International Search Report consists of a total of _ 

| \ It is also accompanied by a copy of each prior art document cited in this report. 



1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

| X j contained in the international application in written form. 
j | filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
W 



□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



4. With regard to the title, 

|~X~| the text is approved as submitted by the applicant. 

\ j the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

|~X~| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. Tr.e applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

j ] as suggested by the applicant. | X | None of the figures. 

[~] because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 
1. j | Claims Nos.: 



because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can be carried out, specifically: 



3. j Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 

2, | j As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. j I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. | y | No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Claims 1-20, all partially. 



Remark on Protest | j The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/1SA/ 210 


This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 


1. 


Claims: 1-20, all partially 






Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 2,8,28,40, or 46, isolated polynucleotide 
comprising a sequence encoding said polypeptide and further 
comprising the complement to said sequence, chimeric gene 
comprising said polynucleotide, host cell comprising said 
chimeric gene, method of selecting an oligonucleotide of at 
least 30 nucleotides of said polynucleotide which affects 
expression of an LPAAT isoenzyme, method of obtaining a 
nucleic acid encoding an LPAAT using said oligonucleotide, 
compositions of said polynucleotide or said oligonucleotide, 
and method of positive selection of a transformed cell using 
said polynucleotide. 




1 


.1. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.2. 




1 


.2. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.8. 




1 


.3. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.28. 




1 


.4. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.40. 




1 


.5. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.46. 


2. 


Claims: 42 completely, and 1-19,21-40 partially 






Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 4,10,18,22,34,44,50,52, or 56, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
ol i goucl eotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding an 
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LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucl eotide. 



3. Claims: 1-20,22-41, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 6,12,24,38, or 58, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
ol igoucleotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding an 
LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucl eotide. 



4. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to seq.ID.14, isolated polynucleotide comprising a sequence 
encoding said polypeptide and further comprising the 
complement to said sequence, chimeric gene comprising said 
polynucleotide, host cell comprising said chimeric gene, 
method of selecting an ol i goucl eoti de of at least 30 
nucleotides of said polynucleotide which affects expression 
of an LPAAT isoenzyme, method of obtaining a nucleic acid 
encoding an LPAAT using said oligonucleotide, compositions 
of said polynucleotide or said oligonucleotide, and method 
of positive selection of a transformed cell using said 
polynucl eoti de. 



5. Claims: 1-20,22-41, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 16,20,30,42,48, or 54, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
ol igoucleotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding an 
LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucl eoti de. 
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6. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 26 or 36, isolated polynucleotide 
comprising a sequence encoding said polypeptide and further 
comprising the complement to said sequence, chimeric gene 
comprising said polynucleotide, host cell comprising said 
chimeric gene, method of selecting an ol i goucl eoti de of at 
least 30 nucleotides of said polynucleotide which affects 
expression of an LPAAT isoenzyme, method of obtaining a 
nucleic acid encoding an LPAAT using said oligonucleotide, 
compositions of said polynucleotide or said oligonucleotide, 
and method of positive selection of a transformed cell using 
said polynucleotide. 



7. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to seq.ID.32, isolated polynucleotide comprising a sequence 
encoding said polypeptide and further comprising the 
complement to said sequence, chimeric gene comprising said 
polynucleotide, host cell comprising said chimeric gene, 
method of selecting an ol igoucleotide of at least 30 
nucleotides of said polynucleotide which affects expression 
of an LPAAT isoenzyme, method of obtaining a nucleic acid 
encoding an LPAAT using said oligonucleotide, compositions 
of said polynucleotide or said oligonucleotide, and method 
of positive selection of a transformed cell using said 
polynucleotide. 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a common inventive concept, could be searched 
without effort justifying an additional fee. 
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A. CLASSIFICATION OF SUBJECT MATTER 



I nterna tional Application No 

^^US QQ/04526 



IPC 7 C12N15/54 C12N15/82 C12Q1/68 



C12N9/10 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12N C12Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , STRAND 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



BROWN, A. P. ET AL.: "Isolation and 
characterization of a maize cDNA that 
complements a 1-acyl 

sn-glycerol -3-phosphate acyl transferase 

muatnt of Escherichia coli and encodes a 

protein which has similarities to other 

acyl transferases . 11 

PLANT MOLECULAR BIOLOGY, 

vol. 26, 1994, pages 211-23, XP002143283 

the whole document 

WO 95 27791 A (CALGENE INC ;DAVIES HUW 
MAELOR (US); HAWKINS DEBORAH (US); NELSEN) 
19 October 1995 (1995-10-19) 
the whole document 

-/- 



rther documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filmg date 

"L" dccument which may throw doubts on priority claim{s)or 
which is cited to establish the publication date of another 
ci'ation or other special reason (as specified) 

O" do;ument referring to an oral disclosure, use, exhibition or 
other means 

"P" document pubhshed prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
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TITLE 

LYSOPHOSPHATIDIC ACID ACETYLTRANSFERASES 
This application claims the benefit of U.S. Provisional Application No. 60/121,1 19, 
filed February 22, 1999. 
5 - FIELD OF THE INVENTION 

This invention is in the field of plant molecular biologyand, in particular, this 
invention pertains to isolated polynucleotides encoding lysophosphatidic acid 
acyltransferases in plants and seeds. 

BACKGROUND OF THE INVENTION 
10 Triacylglycerols are nonpolar, water-insoluble fatty acid triesters of glycerols. 

Triacy I glycerols differ according to the identity and placement of their three fatty acid 
residues. Lysophosphatidic acid acyltransferase (EC 2.3.1 .51 ), also called 1-acyl-sn- 
glycerol-3-phosphate acyltransferase, 1-AGP acyltransferase, 1 -AGP AT, lysophosphatidic 
acid transferase, and LPAAT, catalyzes the attachment of the second acyl group to the 
15 glycerol backbone during de-novo biosynthesis of triacylglycerols. 

The fatty acid distribution in triacylglycerols is thought to be dependent on the 
spcificities of the acyltransferases involved in their biosynthesis. Although no plant LPAAT 
has been purified to completion, spinach leaves have at least two systems which reside in 
different subcellular compartments (chloroplast inner membrane and the endoplasmic 
20 reticulum) and which incorporate different fatty acids into the glycerol backbone 

(Frentzen et al. (1 984) in Structure, function and metabolism of plant lipids; Siegenthaler 
and Eichenberger , eds. pp 105-1 10). Isolation of LPAAT genes from Limnanthes douglasii 
is dependent on the approach used to isolate the clone. Two different clones have been 
isolated which varied in their expression patterns, in their ability to complement an E. coli 
25 temperature-sensitive mutant defective in LPAAT activity and in their ability to hybridize to 
the already known maize LPAAT (Brown et al. (1995) Plant Mo I. Biol. 29:267-278). Thus, 
the presence of many other LPAATs with different specificities, subcellular locations and 
activities is expected. 

Production of industrially-significant oils in seed oil plants has been a quest of the 
30 agricultural industry of some time now. Introduction of the yeast LPAAT sequence into 

Arabidopsis and B. napus results in increased seed oil content in many transgenic plants and 
in changes in seed oil composition (Zou et al. (1997) Plant Cell 9:909-923). 

SUMMARY OF THE INVENTION 
The invention concerns an isolated polynucleotide comprising a nucleotide sequence 
35 selected from the group consisting of: (a) a first nucleotide sequence encoding a polypeptide 
of at least 100 amino acids having at least 80% identity based on the Clustal method of 
alignment when compared to a polypeptide selected from the group consisting of SEQ ID 
NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, and 52, or 
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(b) a second nucleotide sequence comprising the complement of the first nucleotide 
sequence. 

In a second embodiment, it is preferred that the isolated polynucleotide of the claimed 



selectecLirom the group consisting of SEQ ID NOs:l, 5, 5, 7. 9. 1 1, 13, 15, 17, 25. 27. 29, 

31, 33, 35, 37, 39. 41. 43. 45, 47. 49, and 51, that codes for the polypeptide selected from the 
group consisting of SEQ ID NOs:2, 4, 6, 8. 10, 12. 14, 16, 18,26, 28,30, 32,34, 36,38,40, 
42, 44. 46. 48. 50, and 52. 

In a third embodiment, this invention concerns a chimeric gene comprising an isolated 
polynucleotide of the present invention operably linked to suitable regulatory sequences. 

Ln a fourth embodiment, this invention concerns an isolated host cell comprising a 
chimeric gene of the present invention or an isolated polynucleotide of the present invention. 
The host cell may be eukaryotic, such as a yeast or a plant cell, or prokaryotic, such as a 
bacterial cell. The present invention also relates to a virus, preferably a baculovirus, 
comprising an isolated polynucleotide of the present invention or a chimeric gene of the 
present invention. 

In a fifth embodiment, the present invention concerns a process for producing an 
isolated host cell comprising a chimeric gene of the present invention or an isolated 
polynucleotide of the present invention, the process comprising either transforming or 
transfecting an isolated compatible host cell with a chimeric gene or isolated polynucleotide 
of the present invention. 

In a sixth embodiment, the invention also relates to lysophosphatidic acid 
acyltransferase (LPAAT isozymes) polypeptides of at least 100 amino acids comprising at 
least 80% homology based on the Clustal method of alignment compared to a polypeptide 
selected from the group consisting of SEQ ID NOs:2, 4, 6. 8, 10, 12, 14, 16, 18, 26. 28. 30, 

32, 34, 36, 38, 40, 42. 44, 46, 48, 50, and 52. 

Ln a seventh embodiment, the invention concerns a method of selecting an isolated 
polynucleotide that affects the level of expression of an LPAAT isozyme polypeptide in a 
host cell, preferably a plant cell, the method comprising the steps of: (a) constructing an 
isolated polynucleotide of the present invention or an isolated chimeric gene of the present 
invention; (b) introducing the isolated polynucleotide or the isolated chimeric gene into a 
host cell; (c) measuring the level the LPAAT isozyme polypeptide in the host cell containing 
the isolated polynucleotide; and (d) comparing the level of the LPAAT isozyme polypeptide 
in the host cell containing the isolated polynucleotide with the level of the LPAAT isozyme 
polypeptide in the host cell that does not contain the isolated polynucleotide. 

In an eighth embodiment, the invention concerns a method of obtaining a nucleic acid 
fragment encoding a substantial portion of an LPAAT isozyme polypeptide, preferably a 
plant LPAAT isozyme polypeptide, comprising the steps of: synthesizing an 
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oligonucleotide primer comprising a nucleotide sequence of at least one of 60 (preferably at 
least one of 40, most preferably at least one of 30) contiguous nucleotides derived from a 
nucleotide sequence selected from the group consisting of SEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 
15, 17, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51 and the complement of such 
5 nucleotide sequences; and amplifying a nucleic acid fragment (preferably a cDNA inserted 
in a cloning vector) using the oligonucleotide primer. The amplified nucleic acid fragment 
preferably will encode a portion of an LPAAT isozyme amino acid sequence. 

In a ninth embodiment, the invention concerns a method of obtaining a nucleic acid 
fragment encoding all or a substantial portion of the amino acid sequence encoding an 
10 LPAAT isozyme polypeptide comprising the steps of: probing a cDNA or genomic library 
with an isolated polynucleotide of the present invention; identifying a DNA clone that 
hybridizes with an isolated polynucleotide of the present invention; isolating the identified 
DNA clone; and sequencing the cDNA or genomic fragment that comprises the isolated 
DNA clone. 

15 In a tenth embodiment, this invention concerns a composition, such as a hybridization 

mixture, comprising an isolated polynucleotide of the present invention. 

In an eleventh embodiment, this invention concerns an isolated polynucleotide of the 
present invention comprising at least one of 30 contiguous nucleotides derived from a 
nucleic acid sequence selected from the group consisting of SEQ ID NOs:l, 3, 5, 7, 9, 1 1, 

20 13, 15, 17, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51. 

In a twelfth embodiment, this invention concerns a method for positive selection of a 
transformed cell comprising: (a) transforming a host cell with the chimeric gene of the 
present invention or an expression cassette of the present invention; and (b) growing the 
transformed host cell, preferably plant cell, such as a monocot or a dicot, under conditions 

25 which allow expression of the LPAAT isozyme polynucleotide in an amount sufficient to 
complement a null mutant to provide a positive selection means. 

In a thirteenth embodiment, this invention concerns an isolated polynucleotide 
comprising a nucleotide sequence selected from the group consisting of: (a) first nucleotide 
sequence encoding a polypeptide of at least 100 amino acids having at least 95% identity 

30 based on the Clustal method of alignment when compared to a polypeptide selected from the 
group consisting of SEQ ID NOs:20, 22, 24, 54, 56, and 58 or (b) a second nucleotide 
sequence comprising the complement of the first nucleotide sequence. All of the 
embodiments described above are applicable with the exception of the particular sequences 
involved and the sequence identity being at least 95% as noted in the appropriate claims. 

35 BRIEF DESCRIPTION OF THE SEQUENCE LISTINGS 

The invention can be more fully understood from the following detailed description 
and the accompanying Sequence Listing which form a part of this application. 
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Table 1 lists the polypeptides that are described herein, the designation of the cDNA 
clones that comprise the nucleic acid fragments encoding polypeptides representing all or a 
substantial portion of these polypeptides, and the corresponding identifier (SEQ ID NO:) as 
used in the attached Sequence Listing. The sequence descriptions and Sequence Listing 
attached- hereto comply with the rules governing nucleotide and/or amino acid sequence 
disclosures in patent applications as set forth in 37 C.F.R. §1.821-1.825. 

TABLE 1 



Lysophosphatidic Acid Acyl transferases 









SEQ ID NO: 


Protein 


Clone Designation 


(Nuclec 


(tide) (Amino Acid) 


Corn Polypeptide Similar to 


Contig of: 


1 




Mus mus cuius LPAAT 


p0018.chssd06r 
p0104.cabbd29r 
cca.pk0027.c9 
puu i o.cnsxwy^+r 
p0094 csssl20r 






Soybean Polvrjentide Similar to 






4 


Mus musculus LPAAT 








wneai roiypepuae similar to 


Contig 01: 


5 


6 


A, ft 1 1* m t /v/^n I n c T PA A T 


wlml.pk0018.g6 
wreln nk0040 hi 1 
wreln.pk0064.g7 






Corn Polypeptide Similar to 


Contig of: 


7 


8 


B. pseudomallei LPAAT 


ceb5.pk0049.b3 
cen3n.pk0027.f6 






Soybean Polypeptide Similar to 


sgslc.pk001.il 6 


9 


10 


B. pseudomallei LPAAT 






Wheat PolvDeDtide Similar to 


VVI C 1 Il.pjvL/\JZ. / .Un 


i i 


12 


5. pseudomallei LPAAT 






A f ^1 n 1 fi Y"N C 1 C Da 1 1 rr"\f»*"\"t 1 /"t f» Vimi Inr 

niauiuupMo rOiypcpilUe oimilaT 


aas i c.pKUU j .1 1 1) 


13 


14 


to Arabidopsis thaliana Protein 








Rice Polypeptide Similar to 


Contig of: 


15 


16 


Arabidopsis thaliana Protein 


rls6.pk0076.d5 
rlr24.pk0068.e3 






Soybean Polypeptide Similar to 


scblc.pk003.dl8 


17 


18 


Arabidopsis thaliana Protein 




Rice Polypeptide Similar to 


Contig of: 


19 


20 


Corn LPAAT 


rrl.pk0004.al0 
rrl.pk0039.el0 






Soybean Polypeptide Similar to 


Contig of: 


21 


22 


Corn LPAAT 


se4xp0008.b2 
sl2.pk0033xl 






Wheat Polypeptide Similar to 


Contig of: 


23 


24 


Corn LPAAT 


wlkl.pk0004.e7 
wleln.pk0002.g3 
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Protein 



Clone Designation 



SEQ ID NO: 
(Nucleotide) (Amino Acid) 



Catalpa Polypeptide Similar to 
Mus musculus LPAAT 

Corn Polypeptide Similar to 
Mus musculus LPAAT 



Rice Polypeptide Similar to 
Mus musculus LPAAT 

Sorghum Polypeptide Similar to 
Mus musculus LPAAT 

Soybean Polypeptide Similar to 
Mus musculus LPAAT 

Catalpa Polypeptide Similar to 
B, pseudomallei LPAAT 

Wheat Polypeptide Similar to 
B. pseudomallei LPAAT 

Corn Polypeptide Similar to 
Arabidopsis thaliana Protein 

Rice Polypeptide Similar to 
A. thaliana Protein 

Soybean Polypeptide Similar to 
Arabidopsis thaliana Protein 

Corn Polypeptide Similar to 
A. thaliana acyl transferase 

Rice Polypeptide Similar to 
A. thaliana acyltransferase 
Soybean Polypeptide Similar to 
A. thaliana acyltransferase 
Soybean Polypeptide Similar to 
A. thaliana acyltransferase 

Rice Polypeptide Similar to 
Corn LPAAT 

Soybean Polypeptide Similar to 
Corn LPAAT 

Wheat Polypeptide Similar to 
Corn LPAAT 



ncs.pk0013.d2:fis 

Contig of: 

cebLpk0011.dll 
ceb5.pk0053.e3 
p0010xbpbq45r 
p0018.chssd06r:fis 

rlr2.pk0028.d6:fis 

gdslc.pk002.al9:fis 

sl2.pkl2Lal9:fis 

ncs.pk0009.fl2:fis 

wreln.pk0027.d4:fls 

Contig of: 

cebl.mn0001.dl2:fis 
cpelc.pk006.el 

ris6.pk0076.d5:fis 

scblc.pk003.dl8:fis 

ccoln.pk062.pl 9 

rlr6.pk0094.f6:fis 

sdp4c.pk006.nl l:fis 

Contig of: 

sgslc.pk005.k7 
Sgs5c.pk0003.e7 

rrl.pk0004.al0:fis 

sl2.pk0033.cl:fis 

wlkl.pk0004.e7:fis 



25 



27 



29 
31 
33 
35 
37 
39 

41 
43 
45 
47 
49 
51 

53 
55 
57 



26 



28 



30 
32 
34 
36 
38 
40 

42 
44 
46 
48 
50 
52 

54 
56 
58 



The Sequence Listing contains the one letter code for nucleotide sequence characters 
and the three letter codes for amino acids as defined in conformity with the IUPAC-IUBMB 
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standards described in Nucleic Acids Res. 75:3021-3030 (1985) and in the BiochemicalJ. 
219 {No. 2y:345-373 (1984) which are herein incorporated by reference. The symbols and 
format used for nucleotide and amino acid sequence data comply with the rules set forth in 
37 C.F.R. §1.822. 

5 - DETAILED DESCRIPTION OF THE INVENTION 

In the context of this disclosure, a number of terms shall be utilized. The terms 
"polynucleotide" and "nucleic acid fragment' V"iisolated nucleic acid fragment" are used 
interchangeably herein. These terms encompass nucleotide sequences and the like. A 
polynucleotide may be a polymer of RNA or DNA that is single- or double-stranded, that 

10 optionally contains synthetic, non-natural or altered nucleotide bases. A polynucleotide in 
the form of a polymer of DNA may be comprised of one or more segments of cDNA, 
genomic DNA, synthetic DNA, or mixtures thereof. An isolated polynucleotide of the 
present invention may include at least one of 60 contiguous nucleotides, preferably at least 
one of 40 contiguous nucleotides, most preferably one of at least 30 contiguous nucleotides 

15 derived from a nucleotide sequence selected from the group consisting of (a) SEQ ID 

NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 25, 27, 29. 31, 33, 35, 37, 39, 41, 43, 45. 47. 49, and 51, or 
the complement of such sequences and /or (b) SEQ ID NOs:19, 21, 23, 53, 55, and 57 or the 
complement of such sequences. The term "isolated" polynucleotide is one that has been 
substantially separated or purified away from other nucleic acid sequences in the cell of the 

20 organism in which the nucleic acid naturally occurs, i.e., other chromosomal and 

extrachromosomal DNA and RNA, by conventional nucleic acid purification methods. The 
term also embraces recombinant polynucleotides and chemically synthesized 
polynucleotides. 

As used herein, "contig" refers to a nucleotide sequence that is assembled from two or 
25 more constituent nucleotide sequences that share common or overlapping regions of 

sequence homology. For example, the nucleotide sequences of two or more nucleic acid 
fragments can be compared and aligned in order to identify common or overlapping 
sequences. Where common or overlapping sequences exist between two or more nucleic 
acid fragments, the sequences (and thus their corresponding nucleic acid fragments) can be 
30 assembled into a single contiguous nucleotide sequence. 

As used herein, "substantially similar" refers to nucleic acid fragments wherein 
changes in one or more nucleotide bases results in substitution of one or more amino acids, 
but do not affect the functional properties of the polypeptide encoded by the nucleotide 
sequence. "Substantially similar" also refers to nucleic acid fragments wherein changes in 
35 one or more nucleotide bases does not affect the ability of the nucleic acid fragment to 

mediate alteration of gene expression by gene silencing through for example antisense or co- 
suppression technology. "Substantially similar" also refers to modifications of the nucleic 
acid fragments of the instant invention such as deletion or insertion of one or more 

6 
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10 



15 



20 
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nucleotides that do not substantially affect the functional properties of the resulting 
transcript vis-a-vis the ability to mediate gene silencing or alteration of the functional 
properties of the resulting protein molecule. It is therefore understood that the invention 
encompasses more than the specific exemplary' nucleotide or amino acid sequences and 
includes functional equivalents thereof The terms "substantially similar" and 
"corresponding substantially 1 ' are used interchangeably herein. 

Substantially similar nucleic acid fragments may be selected by screening nucleic acid 
fragments representing subfragments or modifications of the nucleic acid fragments of the 
instant invention, wherein one or more nucleotides are substituted, deleted and/or inserted, 
for their ability to affect the level of the polypeptide encoded by the unmodified nucleic acid 
fragment in a plant or plant cell. For example, a substantially similar nucleic acid fragment 
representing at least one of 30 contiguous nucleotides derived from the instant nucleic acid 
fragment can be constructed and introduced into a plant or plant cell. The level of the 
polypeptide encoded by the unmodified nucleic acid fragment present in a plant or plant cell 
exposed to the substantially similar nucleic fragment can then be compared to the level of 
the polypeptide in a plant or plant cell that is not exposed to the substantially similar nucleic 
acid fragment. 

For example, it is well known in the art that antisense suppression and co-suppression 
of gene expression may be accomplished using nucleic acid fragments representing less than 
the entire coding region of a gene, and by nucleic acid fragments that do not share 100% 
sequence identity with the gene to be suppressed. Moreover, alterations in a nucleic acid 
fragment which result in the production of a chemically equivalent amino acid at a given 
site, but do not effect the functional properties of the encoded polypeptide, are well known 
in the art. Thus, a codon for the amino acid alanine, a hydrophobic amino acid, may be 
substituted by a codon encoding another less hydrophobic residue, such as glycine, or a 
more hydrophobic residue, such as valine, leucine, or isoleucine. Similarly, changes which 
result in substitution of one negatively charged residue for another, such as aspartic acid for 
glutamic acid, or one positively charged residue for another, such as lysine for arginine, can 
also be expected to produce a functionally equivalent product. Nucleotide changes which 
result in alteration of the N-terminal and C-terminal portions of the polypeptide molecule 
would also not be expected to alter the activity of the polypeptide. Each of the proposed 
modifications is well within the routine skill in the art, as is determination of retention of 
biological activity of the encoded products. Consequently, an isolated polynucleotide 
comprising a nucleotide sequence of at least one of 60 (preferably at least one of 40, most 
preferably at least one of 30) contiguous nucleotides derived from a nucleotide sequence 
selected from the group consisting of (a) SEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 25, 27, 
29, 3 1, 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51 and the complement of such nucleotide 
sequences, and/or (b) SEQ ID NOs:19, 21, 23, 53, 55, and 57 and the complement of such 
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nucleotide sequences may be used in methods of selecting an isolated polynucleotide that 
affects the expression of an LPAAT isozyme polypeptide in a host cell A method of 
selecting an isolated polynucleotide that affects the level of expression of a polypeptide in a 
host cell (eukaryotic. such as plant or yeast, prokaryotic such as bacterial, or viral) mav 
5 comprise the steps of: constructing an isolated polynucleotide of the present invention or an 
isolated chimeric gene of the present invention: introducing the isolated polynucleotide or 
the isolated chimeric gene into a host cell; measuring the level a polypeptide in the host cell 
containing the isolated polynucleotide; and comparing the level of a polypeptide in the host 
cell containing the isolated polynucleotide with the level of a polypeptide in a host cell that 
10 does not contain the isolated polynucleotide. 

Moreover, substantially similar nucleic acid fragments may also be characterized by 
their ability to hybridize. Estimates of such homology are provided by either DNA-DNA or 
DNA-RNA hybridization under conditions of stringency as is well understood bv those 
skilled in the art (Hames and Higgins, Eds. (1 985) Nucleic Acid Hybridisation, 1RL Press. 
15 Oxford, U.K.). Stringency conditions can be adjusted to screen for moderately similar 
fragments, such as homologous sequences from distantly related organisms, to highlv 
similar fragments, such as genes that duplicate functional enzymes from closely related 
organisms. Post-hybridization washes determine stringency conditions. One set of 
preferred conditions uses a series of washes starting with 6X SSC, 0.5% SDS at room 
20 temperature for 1 5 min. then repeated with 2X SSC, 0.5% SDS at 45°C for 30 min, and then 
repeated twice with 0.2X SSC, 0.5% SDS at 50°C for 30 min. A more preferred set of 
stringent conditions uses higher temperatures in which the washes are identical to those 
above except for the temperature of the final two 30 min washes in 0.2X SSC, 0.5% SDS 
was increased to 60°C Another preferred set of highly stringent conditions uses two final 
25 washes in 0.1X SSC, 0.1% SDS at 65°C. 

Substantially similar nucleic acid fragments of the instant invention may also be 
characterized by the percent identity of the amino acid sequences that they encode to the 
amino acid sequences disclosed herein, as determined by algorithms commonly employed 
by those skilled in this art. Suitable nucleic acid fragments (isolated polynucleotides of the 
30 present invention) encode polypeptides that are at least about 70% identical, preferably at 
least about 80% identical to the amino acid sequences reported herein. Preferred nucleic 
acid fragments encode amino acid sequences that are about 85% identical to the amino acid 
sequences reported herein. More preferred nucleic acid fragments encode amino acid 
sequences that are at least about 90% identical to the amino acid sequences reported herein. 
35 Most preferred are nucleic acid fragments that encode amino acid sequences that are at least 
about 95% identical to the amino acid sequences reported herein. Suitable nucleic acid 
fragments not only have the above homologies but typically encode a polypeptide having at 
least 50 amino acids, preferably at least 100 amino acids, more preferably at least 150 amino 
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acids, still more preferably at least 200 amino acids, and most preferably at least 250 amino 
acids. Sequence alignments and percent identity calculations were performed using the 
iMegalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., 
Madison, WI). Multiple alignment of the sequences was performed using the Clustal 
5 method^of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 

parameters (GAP PENALTY=1 0, GAP LENGTH PEN ALT Y= 10). Default parameters for 
pairwise alignments using the Clustal method were K TUPLE 1, GAP PENALTY=3, 
WINDOW=5 and DIAGONALS SAVED=5. 

A "substantial portion" of an amino acid or nucleotide sequence comprises an amino 
10 acid or a nucleotide sequence that is sufficient to afford putative identification of the protein 
or gene that the amino acid or nucleotide sequence comprises. Amino acid and nucleotide 
sequences can be evaluated either manually by one skilled in the art, or by using computer- 
based sequence comparison and identification tools that employ algorithms such as BLAST 
(Basic Local Alignment Search Tool; Altschul et al. (1993) J. Mol Biol. 275:403-410; see 
15 also www.ncbi.nlm.nih.gov/BLAST/). In general, a sequence often or more contiguous 
amino acids or thirty or more contiguous nucleotides is necessary in order to putatively 
identify a polypeptide or nucleic acid sequence as homologous to a known protein or gene. 
Moreover, with respect to nucleotide sequences, gene-specific oligonucleotide probes 
comprising 30 or more contiguous nucleotides may be used in sequence-dependent methods 
20 of gene identification (e.g., Southern hybridization) and isolation (e.g., in situ hybridization 
of bacterial colonies or bacteriophage plaques). In addition, short oligonucleotides of 12 or 
more nucleotides may be used as amplification primers in PCR in order to obtain a particular 
nucleic acid fragment comprising the primers. Accordingly, a "substantial portion" of a 
nucleotide sequence comprises a nucleotide sequence that will afford specific identification 
25 and/or isolation of a nucleic acid fragment comprising the sequence. The instant 

specification teaches amino acid and nucleotide sequences encoding polypeptides that 
comprise one or more particular plant proteins. The skilled artisan, having the benefit of the 
sequences as reported herein, may now use all or a substantial portion of the disclosed 
sequences for purposes known to those skilled in this art. Accordingly, the instant invention 
30 comprises the complete sequences as reported in the accompanying Sequence Listing, as 
well as substantial portions of those sequences as defined above. 

"Codon degeneracy" refers to divergence in the genetic code permitting variation of 
the nucleotide sequence without effecting the amino acid sequence of an encoded 
polypeptide. Accordingly, the instant invention relates to any nucleic acid fragment 
35 comprising a nucleotide sequence that encodes all or a substantial portion of the amino acid 
sequences set forth herein. The skilled artisan is well aware of the "codon-bias" exhibited 
by a specific host cell in usage of nucleotide codons to specify a given amino acid. 
Therefore, when synthesizing a nucleic acid fragment for improved expression in a host cell, 
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it is desirable to design the nucleic acid fragment such that its frequency of codon usage 
approaches the frequency of preferred codon usage of the host eel!. 

"Synthetic nucleic acid fragments" can be assembled from oligonucleotide building 
blocks that are chemically synthesized using procedures known to those skilled in the an. 
These -building blocks are ligated and annealed to form larger nucleic acid fragments which 
may then be enzymatically assembled to construct the entire desired nucleic acid fragment. 
"Chemically synthesized", as related to nucleic acid fragment, means that the component 
nucleotides were assembled in vitro. Manual chemical synthesis of nucleic acid fragments 
may be accomplished using well established procedures, or automated chemical synthesis 
can be performed using one of a number of commercially available machines. Accordingly, 
the nucleic acid fragments can be tailored for optimal gene expression based on optimization 
of nucleotide sequence to reflect the codon bias of the host cell. The skilled artisan 
appreciates the likelihood of successful gene expression if codon usage is biased towards 
those codons favored by the host. Detenriination of preferred codons can be based on a 
survey of genes derived from the host cell where sequence information is available. 

"Gene"' refers to a nucleic acid fragment that expresses a specific protein, including 
regulatory sequences preceding (5' non-coding sequences) and following (3' non-coding 
sequences) the coding sequence. "Native gene" refers to a gene as found in nature with its 
own regulatory sequences. "Chimeric gene" refers any gene that is not a native gene, 
comprising regulatory and coding sequences that are not found together in nature. 
Accordingly, a chimeric gene may comprise regulatory sequences and coding sequences that 
are derived from different sources, or regulatory sequences and coding sequences derived 
from the same source, but arranged in a manner different than that found in nature. 
"Endogenous gene" refers to a native gene in its natural location in the genome of an 
organism. A "foreign" gene refers to a gene not normally found in the host organism, but 
that is introduced into the host organism by gene transfer. Foreign genes can comprise 
native genes inserted into a non-native organism, or chimeric genes. A "transgene" is a gene 
that has been introduced into the genome by a transformation procedure. 

"Coding sequence" refers to a nucleotide sequence that codes for a specific amino acid 
sequence. "Regulatory sequences" refer to nucleotide sequences located upstream (5' non- 
coding sequences), vWthin, or downstream (3* non-coding sequences) of a coding sequence, 
and which influence the transcription, RNA processing or stability, or translation of the 
associated coding sequence. Regulatory sequences may include promoters, translation 
leader sequences, introns, and polyadenylation recognition sequences. 

"Promoter" refers to a nucleotide sequence capable of controlling the expression of a 
coding sequence or functional RNA. In general, a coding sequence is located 3' to a 
promoter sequence. The promoter sequence consists of proximal and more distal upstream 
elements, the latter elements often referred to as enhancers. Accordingly, an "enhancer" is a 
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nucleotide sequence which can stimulate promoter activity and may be an innate element of 
the promoter or a heterologous element inserted to enhance the level or tissue-specificiry of 
a promoter. Promoters may be derived in their entirety from a native gene, or be composed 
of different elements derived from different promoters found in nature, or even comprise 
synthetic nucleotide segments. It is understood by those skilled in the art that different 
promoters may direct the expression of a gene in different tissues or cell types, or at 
different stages of development, or in response to different environmental conditions. 
Promoters which cause a nucleic acid fragment to be expressed in most cell types at most 
times are commonly referred to as "constitutive promoters". New promoters of various 
types useful in plant cells are constantly being discovered; numerous examples may be 
found in the compilation by Okamuro and Goldberg (1989) Biochemistry of Plants 75; 1-82. 
It is further recognized that since in most cases the exact boundaries of regulatory sequences 
have not been completely defined, nucleic acid fragments of different lengths may have 
identical promoter activity. 

The "translation leader sequence*' refers to a nucleotide sequence located between the 
promoter sequence of a gene and the coding sequence. The translation leader sequence is 
present in the fully processed mRNA upstream of the translation start sequence. The 
translation leader sequence may affect processing of the primary transcript to mRNA, 
mRNA stability or translation efficiency. Examples of translation leader sequences have 
been described (Turner and Foster (1995) Mol Bioiechnol 3:225-236). 

The "3' non-coding sequences" refer to nucleotide sequences located downstream of a 
coding sequence and include polyadenylation recognition sequences and other sequences 
encoding regulatory signals capable of affecting mRNA processing or gene expression. The 
polyadenylation signal is usually characterized by affecting the addition of polyadenylic acid 
tracts to the 3' end of the mRNA precursor. The use of different 3' non-coding sequences is 
exemplified by Ingelbrecht et al. (1989) Plant Cell 7:671-680. 

"RNA transcript" refers to the product resulting from RNA polymerase-catalyzed 
transcription of a DN A sequence. When the RNA transcript is a perfect complementary 
copy of the DNA sequence, it is referred to as the primary transcript or it may be a RNA 
sequence derived from posttranscriptional processing of the primary transcript and is 
referred to as the mature RNA. "Messenger RNA (mRNA)" refers to the RNA that is 
without introns and that can be translated into polypeptide by the cell. "cDNA" refers to a 
DNA that is complementary to and derived from a mRNA template using the enzyme 
reverse transcriptase. The cDNA can be single-stranded or converted into the double 
stranded form using, for example, the klenow fragment of DNA polymerase I. "Sense" 
UNA refers to an RNA transcript that includes the mRNA and so can be translated into a 
polypeptide by the cell. "Antisense RNA" refers to an RNA transcript that is 
complementary to all or part of a target primary transcript or mRNA and that blocks the 
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expression of a target gene (see U.S. Patent No. 5,107.065, incorporated herein by 
reference). The complementarhy of an antisense RNA may be with any part of the specific 
nucleotide sequence, i.e., at the 5' non-coding sequence, 3' non-coding sequence, introns. or 
the coding sequence. "Functional RNA" refers to sense RNA, antisense RNA, ribozyme 
5 RNA. or- other RNA that may not be translated but yet has an effect on cellular processes. 
The term "operably linked" refers to the association of two or more nucleic acid 
fragments on a single nucleic acid fragment so that the function of one is affected by the 
other. For example, a promoter is operably linked with a coding sequence when it is capable 
of affecting the expression of that coding sequence (i.e., that the coding sequence is under 

10 the transcriptional control of the promoter). Coding sequences can be operably linked to 
regulatory sequences in a sense or antisense orientation. 

The term ''recombinant 1 ' means, for example, that a recombinant nucleic acid sequence 
is made by an artificial combination of two otherwise separated segments of sequence, e.g., 
by chemical synthesis or by the manipulation of isolated segments of nucleic acids by 

15 genetic engineering techniques. 

The term "expression", as used herein, refers to the transcription and stable 
accumulation of sense (mRNA) or antisense RNA derived from the nucleic acid fragment of 
the invention. Expression may also refer to translation of mRNA into a polypeptide. 
"Antisense inhibition" refers to the production of antisense RNA transcripts capable of 

20 suppressing the expression of the target protein. "Overexpression'" refers to the production 
of a gene product in transgenic organisms that exceeds levels of production in normal or 
non-transformed organisms. "Co-suppression" refers to the production of sense RNA 
transcripts capable of suppressing the expression of identical or substantially similar foreign 
or endogenous genes (U.S. Patent No. 5,231,020, incorporated herein by reference). 

25 "Altered levels" or "altered expression" refers to the production of gene product(s) in 

transgenic organisms in amounts or proportions that differ from that of normal or non- 
transformed organisms. 

"Mature" protein refers to a post-translationally processed polypeptide; i.e., one from 
which any pre- or propeptides present in the primary translation product have been removed. 

30 "Precursor" protein refers to the primary product of translation of mRNA; i.e., with pre- and 
propeptides still present. Pre- and propeptides may be but are not limited to intracellular 
localization signals. 

A "chloroplast transit peptide" is an amino acid sequence which is translated in 
conjunction with a protein and directs the protein to the chloroplast or other plastid types 

35 present in the cell in which the protein is made. "Chloroplast transit sequence" refers to a 
nucleotide sequence that encodes a chloroplast transit peptide. A "signal peptide" is an 
amino acid sequence which is translated in conjunction with a protein and directs the protein 
to the secretory system (Chrispeels (1991) Ann. Rev. Plant Phys. Plant Mol Biol. 42:21-53). 
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If the protein is to be directed to a vacuole, a vacuolar targeting signal {supra) can further be 
added, or if to the endoplasmic reticulum, an endoplasmic reticulum retention signal {supra) 
may be added. If the pro:ein is to be directed to the nucleus, any signal peptide present 
should be removed and instead a nuclear localization signal included (Raikhel (1992) Plant 
Phys.-400\\621-\632). 

"Transformation" refers to the transfer of a nucieic acid fragment into the genome of a 
host organism, resulting in genetically stable inheritance. Host organisms containing the 
transformed nucleic acid fragments are referred to as "transgenic' 1 organisms. Examples of 
methods of plant transformation include Agrobacterium-mediated transformation (De Blaere 
et al. (1987) Meth. Enzymol. 143:211) and particle-accelerated or ''gene gun" transformation 
technology (Klein et al. (1987) Nature (London) 327:10-13; U.S. Patent No. 4,945,050, 
incorporated herein by reference). Thus, isolated polynucleotides of the present invention 
can be incorporated into recombinant constructs, typically DNA constructs, capable of 
introduction into and replication in a host cell. Such a construct can be a vector that includes 
a replication system and sequences that are capable of transcription and translation of a 
polypeptide-encoding sequence in a given host cell. A number of vectors suitable for stable 
transfection of plant cells or for the establishment of transgenic plants have been described 
in, e.g., Pouwels et al., Cloning Vectors: A Laboratory Manual, 1985, supp. 1987; 
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academic Press, 1 989; 
and Flevin et al., Plant Molecular Biology Manual, Kluwer Academic Publishers, 1990. 
Typically, plant expression vectors include, for example, one or more cloned plant genes 
under the transcriptional control of 5' and 3' regulatory sequences and a dominant selectable 
marker. Such plant expression vectors also can contain a promoter regulatory region (e.g., a 
regulatory region controlling inducible or constitutive, environmentally- or 
developmentally-regulated, or cell- or tissue-specific expression), a transcription initiation 
start site, a ribosome binding site, an RNA processing signal, a transcription termination site, 
and/or a polyadenylation signal. 

Standard recombinant DNA and molecular cloning techniques used herein are well 
known in the art and are described more fully in Sambrook et al. Molecular Cloning: A 
Laboratory Manual; Cold Spring Harbor Laboratory Press: Cold Spring Harbor, 1 989 
(hereinafter "Maniatis"). 

"PCR" or "polymerase chain reaction" is a technique for the synthesis of large 
quantities of specific DNA segments. It consists of a series of repetitive cycles (Perkin 
Elmer Cetus Instruements, Norwark, CT). Typically, the double-stranded DNA is heat 
denatured, the two primers complementary to the 3' boundaries of the target segment are 
annealed at low temperature and then extended at an intermediate temperature. One set of 
these three consecutive steps is referred to as a cycle. 
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The present invention concerns an isolated polynucleotide comprising a nucleotide 
sequence selected from the group consisting of: (a) first nucleotide sequence encoding a 
polypeptide of at least 100 amino acids having at least 80% identity based on the Clustal 
method of alignment when compared to a polypeptide selected from the group consisting of 
SEQ ID^ T Os:2. 4. 6, 8. 10. 12, 14. 16. 18, 26, 28. 30. 32, 34. 36, 38, 40, 42. 44, 46. 48. 50. 
and 52. or (b) a second nucleotide sequence comprising the complement of the first 
nucleotide sequence. 

Preferably, the first nucleotide sequence comprises a nucleic acid sequence selected 
from the group consisting of SEQ ID NOs;l, 3. 5, 7. 9, 1 1. 13, 15, 17, 25. 27, 29, 31, 33. 35, 
37, 39. 41, 43, 45, 47. 49. and 5 L that codes for the polypeptide selected from the group 
consisting of SEQ ID NOs:2. 4. 6. 8. 10. 12, 14. 16. 18, 26, 28. 30, 32. 34, 36, 38. 40, 42. 44. 
46, 48, 50, and 52. 

The present invention also concerns an isolated polynucleotide comprising a 
nucleotide sequence selected from the group consisting of: (a) first nucleotide sequence 

15 encoding a polypeptide of at least 100 amino acids having at least 95% identity based on the 
Clustal method of alignment when compared to a polypeptide selected from the group 
consisting of SEQ ID NOs:20, 22, 24, 54, 56, and 58 or (b) a second nucleotide sequence 
comprising the complement of the first nucleotide sequence. 

Preferably, the first nucleotide sequence comprises a nucleic acid sequence selected 

20 from the group consisting of SEQ ID Nos:l 9, 21, 23, 53, 55 and 57 that codes for the 

polypeptide selected from the group consisting of SEQ ID NOs:20, 22, 24, 54, 56, and 58. 

Nucleic acid fragments encoding at least a portion of several LPAAT isozymes have 
been isolated and identified by comparison of random plant cDNA sequences to public 
databases containing nucleotide and protein sequences using the BLAST algorithms well 

25 known to those skilled in the art. The nucleic acid fragments of the instant invention may be 
used to isolate cDNAs and genes encoding homologous proteins from the same or other 
plant species. Isolation of homologous genes using sequence-dependent protocols is well 
known in the art. Examples of sequence-dependent protocols include, but are not limited to, 
methods of nucleic acid hybridization, and methods of DNA and RNA amplification as 

30 exemplified by various uses of nucleic acid amplification technologies (e.g., polymerase 
chain reaction, ligase chain reaction). 

For example, genes encoding other LPAAT isozymes, either as cDNAs or genomic 
DNAs, could be isolated directly by using all or a portion of the instant nucleic acid 
fragments as DNA hybridization probes to screen libraries from any desired plant employing 

35 methodology well known to those skilled in the art. Specific oligonucleotide probes based 
upon the instant nucleic acid sequences can be designed and synthesized by methods known 
in the art (Maniatis). Moreover, the entire sequences can be used directly to synthesize 
DNA probes by methods known to the skilled artisan such as random primer DNA labeling, 
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nick translation, or end-labeling techniques, or RNA probes using available in vitro 
transcription systems. In addition, specific primers can be designed and used to amplify a 
part or all of the instant sequences The resulting amplification products can be labeled 
directly during amplification reactions or labeled after amplification reactions, and used as 
probes 4o isolate full length cDNA or genomic fragments under conditions of appropriate 
stringency. 

In addition, two short segments of the instant nucleic acid fragments may be used in 
polymerase chain reaction protocols to amplify longer nucleic acid fragments encoding 
homologous genes from DNA or RNA. The polymerase chain reaction may also be 
performed on a library of cloned nucleic acid fragments wherein the sequence of one primer 
is derived from the instant nucleic acid fragments, and the sequence of the other primer takes 
advantage of the presence of the polyadenylic acid tracts to the 3' end of the mRNA 
precursor encoding plant genes. Alternatively, the second primer sequence may be based 
upon sequences derived from the cloning vector. For example, the skilled artisan can follow 
the RACE protocol (Frohman et al. (1988) Proc. Natl. Acad. Sci. USA 55:8998-9002) to 
generate cDNAs by using PCR to amplify copies of the region between a single point in the 
transcript and the 3' or 5' end. Primers oriented in the 3' and 5' directions can be designed 
from the instant sequences. Using commercially available 3' RACE or 5' RACE systems 
(BRL), specific 3' or 5' cDTs'A fragments can be isolated (Ohara et aL (1989) Proc. Natl. 
Acad. Sci. USA 86:5673-5677; Loh et aL (1989) Science 243:217-220). Products generated 
bv the 3' and 5 f RACE procedures can be combined to generate full-length cDNAs (Frohman 
and Martin ( 1 989) Techniques 7:165). Consequently, a polynucleotide comprising a 
nucleotide sequence of at least one of 60 (preferably one of at least 40, most preferably one 
of at least 30) contiguous nucleotides derived from a nucleotide sequence selected from the 
group consisting of: 

(a) SEQIDNOs:l,3,5, 7,9, 11, 13, 15, 17,25, 27,29,31,33,35,37,39, 
41, 43, 45, 47, 49, and 51 and the complement of such nucleotide sequences may be used in 
such methods to obtain a nucleic acid fragment encoding a substantial portion of an amino 
acid sequence of a polypeptide, and/or 

(b) SEQ ID NOs:19, 21, 23, 53, 55 and 57 and the complement of such 
nucleotide sequences may be used in such methods to obtain a nucleic acid fragment 
encoding a substantial portion of an amino acid sequence of a polypeptide. 

The present invention relates to a method of obtaining a nucleic acid fragment 
encoding a substantial portion of an LPAAT isozyme polypeptide preferably a substantial 
portion of a plant LPAAT isozyme polypeptide, comprising the steps of: synthesizing an 
oligonucleotide primer comprising a nucleotide sequence of at least one of 60 (preferably at 
least one of 40, most preferably at least one of 30) contiguous nucleotides derived from a 
nucleotide sequence selected from the group consisting of: 

15 



WO 00/49156 PCT/USOO/04526 



(a) SH5lDNOs:l,3.5. 7. 9. 11, 13, 15. 17,2x 27,29,31,33,35,37,39. 
41. 43. 45. 47. 49. and 5 land the complement of such nucleotide sequences; and/or 

(b) SEQ ID NOs:19. 21. 23. 53. 55 and 57 and the complement of such 
nucleotide sequences. 

5 and amplifying a nucleic acid fragment (preferably a cDNA inserted in a cloning vector) 
using the oligonucleotide primer. The amplified nucleic acid fragment preferably will 
encode a portion of an LPAAT isozyme polypeptide. 

Availability of the instant nucleotide and deduced amino acid sequences facilitates 
immunological screening of cDNA expression libraries. Synthetic peptides representing 

10 portions of the instant amino acid sequences may be synthesized. These peptides can be 

used to immunize animals to produce polyclonal or monoclonal antibodies with specificity 
for peptides or proteins comprising the amino acid sequences. These antibodies can be then 
be used to screen cDNA expression libraries to isolate full-length cDNA clones of interest 
(Lerner (1984) Adv. Immunol. 3(5:1-34; Maniatis). 

15 In another embodiment, this invention concerns host cells comprising either the 

chimeric genes of the invention as described herein or an isolated polynucleotide of the 
invention as described herein. Examples of host cells which can be used to practice the 
invention include, but are not limited to. yeast, bacteria, plants, and viruses. 

As was noted above, the nucleic acid polynucleotides of the instant invention may be 

20 used to create transgenic plants in which the disclosed polypeptides are present at higher or 
lower levels than normal or in cell types or developmental stages in which they are not 
normally found. This would have the effect of altering the level of specific triacylglycerols 
in those cells. For example overexpression of an LPAAT similar to the maize LPAAT, such 
as those contained in Example 6, will result in higher oil content in the seed, stem and leaf 

25 while overexpression of LPAAT similar to Burkholderia pseudomallei will result in larger 
accumulation of oil in seed. 

Overexpression of the proteins of the instant invention may be accomplished by first 
constructing a chimeric gene in which the coding region is operably linked to a promoter 
capable of directing expression of a gene in the desired tissues at the desired stage of 

30 development. The chimeric gene may comprise promoter sequences and translation leader 
sequences derived from the same genes. 3' Non-coding sequences encoding transcription 
termination signals may also be provided. The instant chimeric gene may also comprise one 
or more introns in order to facilitate gene expression. 

Plasmid vectors comprising the isolated polynucleotide (or chimeric gene) may be 

35 constructed. The choice of plasmid vector is dependent upon the method that will be used to 
transform host plants. The skilled artisan is well aware of the genetic elements that must be 
present on the plasmid vector in order to successfully transform, select and propagate host 
cells containing the ciiimeric gene. The skilled artisan will also recognize that different 
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independent transformation events will result in different levels and patterns of expression 
(Jones et aL (1985) EM BO J. 4:241 1-2418; De Almeida et al. (1989) Mol. Gen. Genetics 
275:78-86), and thus that multiple events must be screened in order to obtain lines 
displaying the desired expression level and pattern. Such screening may be accomplished by 
Southern analysis of DNA, Northern analysis of mRNA expression. Western analysis of 
protein expression, or phenotypic analysis. 

For some applications it may be useful to direct the instant polypeptides to different 
cellular compartments, or to facilitate its secretion from the cell. It is thus envisioned that 
the chimeric gene described above may be further supplemented by directing the coding 
sequence to encode the instant polypeptides with appropriate intracellular targeting 
sequences such as transit sequences (Keegstra (1989) Cell 56:247-253), signal sequences or 
sequences encoding endoplasmic reticulum localization (Chrispeels (1991) Ann. Rev. Plant 
Phys. Plant Mol. Biol 42:21-53), or nuclear localization signals (Raikhel (1992) Plant 
Phys. 1 00: 1 627-1632) with or without removing targeting sequences that are already present. 
While the references cited give examples of each of these, the list is not exhaustive and more 
targeting signals of use may be discovered in the future. 

It may also be desirable to reduce or eliminate expression of genes encoding the 
instant polypeptides in plants for some applications. In order to accomplish this, a chimeric 
gene designed for co-suppression of the instant polypeptide can be constructed by linking a 
gene or gene fragment encoding that polypeptide to plant promoter sequences. 
Alternatively, a chimeric gene designed to express antisense RNA for all or part of the 
instant nucleic acid fragment can be constructed by linking the gene or gene fragment in 
reverse orientation to plant promoter sequences. Either the co-suppression or antisense 
chimeric genes could be introduced into plants via transformation wherein expression of the 
corresponding endogenous genes are reduced or eliminated. 

Molecular genetic solutions to the generation of plants with altered gene expression 
have a decided advantage over more traditional plant breeding approaches. Changes in plant 
phenotypes can be produced by specifically inhibiting expression of one or more genes by 
antisense inhibition or cosuppression (U.S. Patent Nos. 5,190,931, 5,107,065 and 
5,283,323). An antisense or cosuppression construct would act as a dominant negative 
regulator of gene activity. While conventional mutations can yield negative regulation of 
gene activity these effects are most likely recessive. The dominant negative regulation 
available with a transgenic approach may be advantageous from a breeding perspective. In 
addition, the ability to restrict the expression of specific phenotype to the reproductive 
tissues of the plant by the use of tissue specific promoters may confer agronomic 
advantages relative to conventional mutations which may have an effect in all tissues in 
which a mutant gene is ordinarily expressed. 
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The person SKilied in the an will know that special considerations are associated with 
the use of antisense or cosuppression technologies in order to reduce expression of particular 
genes. For example, the proper level of expression of sense or antisense genes may require 
the use of different chimeric genes utilizing different regulatory elements known to the 
skilled-artisan. Once transgenic plants are obtained by one of the methods described above, 
it will be necessary to screen individual transgenics for those that most effectively display 
the desired phenotype. Accordingly, the skilled artisan will develop methods for screening 
large numbers of trans formants. The nature of these screens will generally be chosen on 
practical grounds. For example, one can screen by looking for changes in gene expression 
by using antibodies specific for the protein encoded by the gene being suppressed, or one 
could establish assays that specifically measure enzyme activity. A preferred method will be 
one which allows large numbers of samples to be processed rapidly, since it will be expected 
that a large number of transformants will be negative for the desired phenotype. 

In another embodiment, the present invention concerns an polypeptide of at least 100 
amino acids that has at least 80% identity based on the Clustal method of alignment when 
compared to a polypeptide selected from the group consisting of SEQ ID NOs:2. 4, 6, S, 10, 
12, 14, 16, 18, 26, 28, 30, 32, 34, 36, 38, 40. 42, 44, 46, 48, 50, and 52. 

In still another embodiment, the present invention also concerns a polypeptide of at 
least 100 amino acids that has at least 95% identity based on the Clustal method of 
alignment when compared to a polypeptide selected from the group consisting of SEQ ID 
NOs:20. 22. 24, 54, 56, and 58. 

The instant polypeptides (or portions thereof) may be produced in heterologous host 
cells, particularly in the cells of microbial hosts, and can be used to prepare antibodies to the 
these proteins by methods well known to those skilled in the art. The antibodies are useful 
for detecting the polypeptides of the instant invention in situ in cells or in vitro in cell 
extracts. Preferred heterologous host cells for production of the instant polypeptides are 
microbial hosts. Microbial expression systems and expression vectors containing regulatory 
sequences that direct high level expression of foreign proteins are well known to those 
skilled in the art. Any of these could be used to construct a chimeric gene for production of 
the instant polypeptides. This chimeric gene could then be introduced into appropriate 
microorganisms via transformation to provide high level expression of the encoded LPAAT 
isozyme. An example of a vector for high level expression of the instant polypeptides in a 
bacterial host is provided (Example 9). 

All or a substantial portion of the polynucleotides of the instant invention may also be 
used as probes for genetically and physically mapping the genes that they are a part of, and 
as markers for traits linked to those genes. Such information may be useful in plant 
breeding in order to develop lines with desired pheno types. For example, the instant nucleic 
acid fragments may be used as restriction fragment length polymorphism (RFLP) markers. 
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Southern blots (Maniatis) of restriction-digested plant genomic DNA may be probed with 
the nucleic acid fragments of the instant invention. The resulting banding patterns may then 
be subjected to genetic analyses using computer programs such as MapMaker (Lander et al. 
(1987) Genomics 7:174-181) in order to construct a genetic map. In addition, the nucleic 
5 acid fragments of the instant invention may be used to probe Southern blots containing 
restriction endonuclease -treated genomic DNAs of a set of individuals representing parent 
and progeny of a defined genetic cross. Segregation of the DNA polymorphisms is noted 
and used to calculate the position of the instant nucleic acid sequence in the genetic map 
previously obtained using this population (Botstein et al. (1980) Am. J. Hum. Genet. 
10 52:314-331). 

The production and use of plant gene-derived probes for use in genetic mapping is 
described in Bernatzky and Tanksley (1986) Plant Mol. Biol. Reporter 4/37-41. Numerous 
publications describe genetic mapping of specific cDNA clones using the methodology 
outlined above or variations thereof. For example, F2 intercross populations, backcross 

15 populations, randomly mated populations, near isogenic lines, and other sets of individuals 
may be used for mapping. Such methodologies are well known to those skilled in the art. 

Nucleic acid probes derived from the instant nucleic acid sequences may also be used 
for physical mapping (i.e., placement of sequences on physical maps; see Hoheisel et al. In: 
Nonmammalian Genomic Analysis: A Practical Guide, Academic press 1996, pp. 319-346, 

20 and references cited therein). 

In another embodiment, nucleic acid probes derived from the instant nucleic acid 
sequences may be used in direct fluorescence in situ hybridization (FISH) mapping (Trask 
(1991 ) Trends Genet. 7:149-154). Although current methods of FISH mapping favor use of 
large clones (several to several hundred KB; see Laan et al. (1995) Genome Res. 5:13-20), 

25 improvements in sensitivity may allow performance of FISH mapping using shorter probes. 
A variety of nucleic acid amplification-based methods of genetic and physical 
mapping may be carried out using the instant nucleic acid sequences. Examples include 
allele-specific amplification (Kazazian (1989) J. Lab. Clin. Med. 77:95-96), polymorphism 
of PCR-amplified fragments (CAPS; Sheffield et al. (1993) Genomics 75:325-332), allele- 

30 specific ligation (Landegren et al. (1988) Science 247:1077-1080), nucleotide extension 

reactions (Sokolov (1990) Nucleic Acid Res. 75:3671), Radiation Hybrid Mapping (Walter 
et al. (1997) Nat. Genet. 7:22-28) and Happy Mapping (Dear and Cook (1989) Nucleic Acid 
Res. 77:6795-6807). For these methods, the sequence of a nucleic acid fragment is used to 
design and produce primer pairs for use in the amplification reaction or in primer extension 

35 reactions. The design of such primers is well known to those skilled in the art. In methods 
employing PCR- based genetic mapping, it may be necessary to identify DNA sequence 
differences between the parents of the mapping cross in the region corresponding to the 
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instant nucleic acid sequence. This, however, is generally not necessary for mapping 
methods. 

Loss of function mutant phenotypes may be identified for the instant cDNA clones 
either by targeted gene disruption protocols or by identifying specific mutants for these 
genes-contained in a maize population carrying mutations in all possible genes (Ballinger 
and Benzer (1989) Proc. Natl Acad. Sci USA 56:9402-9406; Koes et al. (1995) Proc. Natl 
Acad. Sci USA 92:8149-8 1 53; Bensen et al. (1995) Plant Cell 7:75-84). The latter approach 
may be accomplished in two ways. First, short segments of the instant nucleic acid 
fragments may be used in polymerase chain reaction protocols in conjunction with a 
mutation tag sequence primer on DNAs prepared from a population of plants in which 
Mutator transposons or some other mutation-causing DNA element has been introduced (see 
Bensen, supra). The amplification of a specific DNA fragment with these primers indicates 
the insertion of the mutation tag element m or near the plant gene encoding the instant 
polypeptides. Alternatively, the instant nucleic acid fragment may be used as a 
hybridization probe against PCR amplification products generated from the mutation 
population using the mutation tag sequence primer in conjunction with an arbitrary genomic 
site primer, such as that for a restriction enzyme site-anchored synthetic adaptor. With 
either method, a plant containing a mutation in the endogenous gene encoding the instant 
polypeptides can be identified and obtained. This mutant plant can then be used to 
determine or confirm the natural function of the instant polypeptides disclosed herein. 

EXAMPLES 

The present invention is further defined in the following Examples, in which all parts 
and percentages are by weight and degrees are Celsius, unless otherwise stated. It should be 
understood that these Examples, while indicating preferred embodiments of the invention, 
are given by way of illustration only. From the above discussion and these Examples, one 
skilled in the art can ascertain the essential characteristics of this invention, and without 
departing from the spirit and scope thereof, can make various changes and modifications of 
the invention to adapt it to various usages and conditions. Thus,va rious modifications of 
the invention in addition to those shown and described herein will be apparent to those 
skilled in the art from the foregoing description. Such modifications are also intended to fall 
within the scope of the appended claims. 

The disclosure of each reference set forth above is incorporated herein by reference in 
its entirety. 

EXAMPLE 1 

Composition of cDNA Libraries; Isolation and Sequencing of cDNA Clones 
cDNA libraries representing mRNAs from various Arabidopsis, catalpa, com, rice, 
sorghum, soybean, and wheat tissues were prepared. The characteristics of the libraries are 
described below. 
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TABLE 2 

cDNA Libraries from Arabidopsis, Cataipa. Corn, 
Rice. Sorehum. Soybean, and Wheat 



Library 



Tissue 



Clone 



adslc Arabidopsis Wassilewskija 6 day old seedlings 

cca Corn Callus Type II Tissue. Undifferentiated, Highly 
Transformable 

ceo In Corn Cob of 67 Day Old Plants Grown in Green House 1 

cebl Corn Embryo 10 to 11 Days After Pollination 

cebl Corn Embryo 10 to 11 Days After Pollination 

ceb5 Corn Embryo 30 Days After Pollination 

ceb5 Corn Embryo 30 Days After Pollination 

cen3n Corn Endosperm 20 Days After Pollination 1 

cpelc Corn pooled BMS treated with chemicals related to 
phosphatase 2 

gds 1 c Sorghum Seed 20 Days After Pollination 

ncs Cataipa speciosa Developing Seed 

ncs Cataipa speciosa Developing Seed 

pOO 1 0 Corn Log Phase Suspension Cells Treated With A23 1 87 3 
to Induce Mass Apoptosis 

pOO 1 8 Corn Seedling After 1 0 Day Drought, Heat Shocked for 
24 Hours, . 3ted After Recovery at Normal Growth 
Conditions for 8 Hours 

pOO 1 8 Corn Seedling After 1 0 Day Drought, Heat Shocked for 
24 Hours, Harvested After Recovery at Normal Growth 
Conditions for 8 Hours 

p0094 Corn Leaf Collars for the Ear Leaf (EL) and the Next Leaf 
Above and Below the EL 1 

pOl 04 Corn Roots V5 Stage 4 , Corn Root Worm Infested 1 

rlr2 Rice Leaf 1 5 Days After Germination, 2 Hours After 

Infection of Strain Magaporthe grisea 4360-R-62 
( AVR2-YAMO); Resistant 

rlr24 Rice Leaf 1 5 Days After Germination, 24 Hours After 
Infection of Strain Magaporthe grisea 4360-R-62 
( AVR2-YAMO); Resistant 

rlr6 Rice Leaf 1 5 Days After Germination, 6 Hours After 

Infection of Strain Magaporthe grisea 4360-R-62 
( A VR2-YAMO); Resistant 

rls6 Rice Leaf 1 5 Days After Germination, 6 Hours After 

Infection of Strain Magaporthe grisea 4360-R-67 
( AVR2-YAMO); Susceptible 

rrl Rice Root of Two Week Old Developing Seedling 



adslc.pk005.il0 
cca.pk0027.c9 

ceo ln.pk062.p 1 9:fis 

cebl.mn0001.dl2:fis 

cebl.pk0011.dll 

ceb5.pk0049.b3 

ceb5.pk0053.e3 

cen3n.pk0027.f6 

cpelc.pk006.el 

gdslc.pk002.al9:fis 
ncs.pk0009.fl2:fis 
ncs.pk0013.d2:fis 
p0010.cbpbq45r 

p0018.chssd06r 
p0018.chstw94r 

p0094.csssl20r 

p0104.cabbd29r 
rlr2.pk0028.d6:fis 

rlr24.pk0068.e3 

rlr6,pk0094T6:fis 

rls6.pk0076,d5 

rrl.pk0004.al0 
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Library 


Tissue 


Clone 


rrl 


Rice Root of Two Week Old Developing Seedling 


rrl.pk0039.el0 


scbl c 

— 


Soybean Embryogenic Suspension Culture Subjected to 
4 Bombardments and Collected 12 Hours Later 


scblc.pkO03.dl8 


sdp4c 


Soybean Developing Pods (10-12 mm) 


sdp4c.pk006.nl l:fis 


se4 


Soybean Embryo, 19 Days After Flowering 


se4.cp0008.b2 


sgslc 


Soybean Seeds 4 Hours After Germination 


sgslc.pk001.il6 




juj- ucaii jccus *+ nuurb /Aiicr uci iiunaLion 


_ 1_ 1 t~\l~\ C 1 1 

sgslc. pk00xk7 


sgs5c 


Sovhean Sepd^ 4 T)av<; Afrpr nprminatinn 


sgsjc.pkUUlo.e / 


sl2 


With 2.5 ppm chlorimuron 


si^.pkUOj j.cl 


sl2 


Sovbean Two- Week-Old Oevelnnina ^pfHIinoc Tr^^t^A 
With 2.5 ppm chlorimuron 


si^.pKU i .al y 


wleln 


WTieat Leaf From 7 Day Old Etiolated Seedling 1 


wleln.pk0002.g3 


wlkl 


Wheat Seedlings 1 Hour After Treatment With Herbicide 5 


wlkLpk0004.e7 


wlml 


Wheat Seedlings 1 Hour After Inoculation With Erysiphe 
graminis f. sp tritici 


wlml.pk0018.g6 


wreln 


Wheat Root From 7 Day Old Etiolated Seedling 1 


wreln.pk0027.d4 


wreln 


Wheat Root From 7 Day Old Etiolated Seedling 1 


wreln.pk0040.hll 


wreln 


Wheat Root From 7 Day Old Etiolated Seedling 1 


wreln.pk0064.g7 



1 These libraries were normalized essentially as described in U.S. Patent No. 5,482,845, the 
disclosure of which is hereby incorporated by reference. 

2 Chemicals used included okadaic acid, cyclosporin A, calyculin A, cypermethrin. 
5 3 A23 1 87 is commercially available from several vendors including Calbiochem. 

4 Corn developmental stages are explained in the publication "How a corn plant develops" 
from the Iowa State University Coop. Ext. Service Special Report No. 48 reprinted June 
1993. 

Application of 6-iodo-2 -propoxy-3-propy 1-4(3 //)-quinazolinone; synthesis and methods of 
10 using this compound are described in USSN 08/545,827, the disclosure of which is 

hereby incorporated by reference. 

cDNA libraries may be prepared by any one of many methods available. For 
example, the cDNAs may be introduced into plasmid vectors by first preparing the cDNA 

15 libraries in Uni-ZAP™ XR vectors according to the manufacturer's protocol (Stratagene 
Cloning Systems, La Jolla, CA). The Uni-ZAP™ XR libraries are converted into plasmid 
libraries according to the protocol provided by Stratagene. Upon conversion, cDNA inserts 
will be contained in the plasmid vector pBluescript. In addition, the cDNAs may be 
introduced directly into precut Bluescript II SK(+) vectors (Stratagene) using T4 DNA 

20 ligase (New England Biolabs), followed by transfection into DH10B cells according to the 
manufacturer's protocol (GIBCO BRL Products). Once the cDNA inserts are in plasmid 
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vectors, plasmid DNAs are prepared from randomly picked bacterial colonies containing 
recombinant pBluescript plasmids, or the insert cDNA sequences are amplified via 
polymerase chain reaction using primers specific for vector sequences flanking the inserted 
cDNA sequences. Amplified insert DNAs or plasmid DNAs are sequenced in dye-primer 
5 sequencing reactions to generate partial cDNA sequences (expressed sequence tags or 

"ESTs"; see Adams et al., (1991) Science 252:1651-1656). The resulting ESTs are analyzed 
using a Perkin Elmer Model 377 fluorescent sequencer. 

EXAMPLE 2 
Identification of cDNA Clones 

10 cDNA clones encoding LPAAT isozymes were identified by conducting BLAST 

(Basic Local Alignment Search Tool; Aitschul et al. (1993)7. Mol Biol 275:403-410; see 
also www.ncbi.nlm.nih.gov/BLAST/) searches for similarity to sequences contained in the 
BLAST "nr" database (comprising all non-redundant GenBank CDS translations, sequences 
derived from the 3 -dimensional structure Brookhaven Protein Data Bank, the last major 

15 release of the SWISS-PROT protein sequence database, EMBL, and DDBJ databases). The 
cDNA sequences obtained in Example 1 were analyzed for similarity to all publicly 
available DNA sequences contained in the "nr" database using the BLASTN algorithm 
provided by the National Center for Biotechnology Information (NCBI). The DNA 
sequences were translated in all reading frames and compared for similarity to all publicly 

20 available protein sequences contained in the "nr" database using the BLASTX algorithm 
(Gish and States (1993) Nat. G*>net. J:266-272) provided by the NCBI. For convenience, 
the P-value (probability) of observing a match of a cDNA sequence to a sequence contained 
in the searched databases merely by chance as calculated by BLAST are reported herein as 
"\>Lo^ values, which represent the negative of the logarithm of the reported P-value. 

25 Accordingly, the greater the pLog value, the greater the likelihood that the cDNA sequence 
and the BLAST "hit" represent homologous proteins. 

EXAMPLE 3 
Characterization of cDNA Clones Encoding Proteins 
Similar to Mus musculus LPAAT 

30 The BLASTX search using the EST sequences from clones listed in Table 3 revealed 

similarity of the proteins encoded by the cDNAs to an unknown protein from 
Caenorhabditis elegans and a putative LPAAT protein from Mus musculus (NCBI General 
Identifier Nos. 3878960 and 231 7725, respectively). Shown in Table 3 are the BLAST 
results for individual ESTs ("EST') or for the sequences of contigs assembled from two or 

35 more ESTs ("Contig"): 
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TABLE 3 

BLAST Results for Sequences Encoding Polypeptides 
Homologous to Mus musculus LPAAT 



Clone 


Status 


BLAST pLo2 Score 
3878960 2 


317725 


Conti<T of: 

p0018.chssd06r 
P 0104.cabbd29r 

p0018.chstw94r 
p0094.csssl20r 


Contig 


59.40 


57.70 


sl2.pkl21.al9 


EST 


15.22 


10.09 


Contig of: 

wlml.pk0018.g6 

wreln.pk0040.hll 

wreln.pk0064.e7 


Contig 


54.30 


50.52 



The sequence of the entire cDNA insert in clones pOOl 8.chssd06r and sl2.pkl21.al9 
was determined. Further sequencing and analysis of the DuPont proprietary EST database 
allowed the identification of catalpa, rice, and sorghum clones encoding polypeptides with 
similarities to Mus musculus LPAAT. The BLAST search using the sequences from clones 
listed in Table 4 revealed similarity of the proteins encoded by the cDNAs to an unknown 
protein from Caenorhabditis elegans and a putative LPAAT protein from Mus musculus 
(NCBI General Identifier Nos. 3878960 and 23 1 7725, respectively). Shown in Table 4 are 
the BLAST results for the sequences of the entire cPN \ inserts comprising the indicated 
cDNA clones ("FIS"), the sequences of the entire protein encoded by a contig assembled 
from an FIS and one or more ESTs ("Contig*"), or the sequences of the entire protein 
encoded by an FIS ("CGS"): 



TABLE 4 

BLAST Results for Sequences Encoding Polypeptides 
Homologous to Mus musculus LPAAT 



Clone 



Status 



ncs.pkOO 1 3 .d2:fis CGS 

Contig of: Contig* 
cebLpk0011.dll 
ceb5.pk0053.e3 
p0010.cbpbq45r 
p0018.chssd06r:fls 

rlr2.pk0028.d6:fis CGS 

gds 1 c.pk002.al 9:fis FIS 

sl2.pk!21.aI9:fis CGS 



BLAST pLog Score 
3878960 2317725 



56.40 
58.00 



54.15 
55.04 



57.70 
58.10 
57.70 



55.40 
45.52 
53.00 
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In this type of plant LPAAT domain I consists of amino acids Asn-His-Thr-Ser-Met- 
Ile-Asp-Phe-Ile and domain II (62 amino acids downstream) consists of amino acids 
Leu-Ile-Phe-Pro-Glu-Gly-Thr-Cys. 

The data in Table 5 represents a calculation of the percent identity of the amino acid 
5 sequences set forth in SEQ ID NOs;2, 4 6, 26, 28, 30 ? 32, and 34 and the Caenorhahditis 
elegans and Mus musculus sequences (NCBI General Identifier Nos. 3878960 and 2317725 
respectively). 

TABLE 5 

10 Percent Identity of Amino Acid Sequences Deduced From the Nucleotide 

Sequences of cDN A Clones Encoding Polypeptides 
Homologous to Mus musculus LPAAT 



SEQ ID NO. 


Percent Identity to 
3878960 731770S 




38.5 


35.1 


4 


39.3 


29.9 


6 


39.8 


35.9 


26 


31.8 


35.4 


28 


32.1 


36.1 


30 


31.9 


37.4 


32 


33.5 


36.1 


34 


32.2 


35.4 



Sequence alignments and percent identity calculations were performed using the 
15 Megalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc.. 
Madison, WI ). Multiple alignment of the sequences was performed using the Clustal 
method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 
parameters (GAP PEN ALT Y= 10, GAP LENGTH PENALTY=10). Default parameters for 
pairwise alignments using the Clustal method were KTUPLE 1, GAP PENALTY=3, 
20 WINDOW=5 and DIAGONALS SAVED=5. Sequence alignments and BLAST scores and 
probabilities indicate that the nucleic acid fragments comprising the instant cDNA clones 
encode a substantial portion of a corn, a sorghum, a soybean and a wheat LPAAT and entire 
catalpa, corn, rice, and soybean LPAAT proteins. These sequences represent the first 
catalpa, corn, rice, soybean, and wheat sequences encoding LPAAT proteins of this type. 
25 EXAMPLE 4 

Characterization of cD NA Clones Encoding LPAATs Similar tn 
Burkholderia vseudomallei LPAAT 
The BLASTX search using the EST sequences from clones listed in Table 3 revealed 
similarity of the polypeptides encoded by the cDNAs to LPAAT from Burkholderia 
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pseudomallei (NCBi General Identifier No. 3135672). Shown in Table 6 are the BLAST 
results for individual ESTs ("EST")the sequences of the entire cDNA inserts comprising the 
indicated cDNA clones ("FIS"). or for the sequences of contigs assembled from two or more 
ESTs ("Contig"): 

TABLE 6 

BLAST Results for Sequences Encoding Polypeptides Homologous 
to Burkholderia pseudomallei LPAAT 

BLAST pLog Score 
Clone Status 3135672 



Contig of: 


Contig 


9.52 


ceb5.pk0049.b3 






cen3n.pk0027.f6 






sgslc.pk001.il6 


FIS 


9.30 


wreln.pk0027.d4 


EST 


4.00 



10 The sequence of the entire cDNA insert from clone wrel n.pk0027.d4 was determined. 

Further sequencing and analysis of the DuPont proprietary database allowed the 
identification of a catalpa clone with similarity to the Burkholderia pseudomallei LPAAT. 
The BLAST search using the sequences from clones listed in Table 7 revealed similarity of 
the polypeptides encoded by the Arabidopsis thaliana contig to similar to acyl transferase 

15 (NCBI General Identifier No. 6503307) and of the cDNAs to LPAAT from Burkholderia 
pseudomallei (NCBI General Identifier No. 3 1 35672). Shown in Table 7 are the BLAST 
results for the sequences of the entire cDNA inserts comprising the indicated cDNA clones 
encoding the entire protein ("CGS"): 

20 TABLE 7 

BLAST Results for Sequences Encoding Polypeptides Homologous 







BLAST pLog Score 


Clone 


Status 


6503307 3135672 


ncs.pk0009.fl2:fis 


CGS 


87.00 10.22 


wreln.pk0027.d4:fis 


CGS 


83.52 11.40 



In this type of plant LPAAT domain I consists of amino acids Asn-His-(Val or Ile)- 
25 Ser-Tyr-(V al, He, or Leu)-Asp-Ile-Leu and domain II (62 amino acids downstream) consists 
of amino acids Xaal-(Leu or Ile)-Phe-Pro-Glu-Gly-Thr-Thr, where Xaal is Leu, lie, Met or 
Tyr. 

The data in Table 8 represents a calculation of the percent identity of the amino acid 
sequences set forth in SEQ ID NOs:8, 10, 12, 36, and 38 and the Burkholderia pseudomallei 
30 sequence (NCBI General Identifier No. 3 1 35672). 
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TABLE 8 

Percent Identity- of Amino Acid Sequences Deduced From the Nucleotide 



Sequences of cDNA Clones Encoding Polypeptides 
5 Homologous to Burkholderia pseudomallei LPAAT 

Percent Identity to 
SEQ ID NO. 3135672 

8 19.8 

10 17.6 

12 17.4 

36 219.1 

38 20.3 



Sequence alignments and percent identity calculations were performed using the 
Megalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., 
Madison. \VI). Multiple alignment of the sequences was performed using the Clustal 

10 method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 

parameters (GAP PENALTY^ 10, GAP LENGTH PENALTY=10). Default parameters for 
pairwise alignments using the Clustal method were KTUPLE 1, GAP PENALTY=3, 
WINDO W=5 and DIAGONALS SAVED-5. Sequence alignments and BLAST scores and 
probabilities indicate that the nucleic acid fragments comprising the instant cDNA clones 

15 encode a substantial portion of a wheat LPAAT and entire corn, catalpa, soybean, and wheat 
LPAAT proteins. These sequences represent the first corn, catalpa, soybean, and wheat 
sequences encoding LPAATs of this type. 

EXAMPLE 5 

Characterization of cDNA Clones Encoding Putative LPAATs 
20 The BLASTX search using the EST sequences from clones listed in Table 9 revealed 

similarity of the polypeptides encoded by the contig to an unknown protein from 
Arabidopsis thaliana (NCBI General Identifier No. 2979560). Shown in Table 9 are the 
BLAST results for individual ESTs ("EST"), the sequences of the entire cDNA inserts 
comprising the indicated cDNA clones ("FIS"), or the sequences of contigs assembled from 
25 two or more ESTs ("Contig"): 
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TABLE 9 


BLAST Results for Sequences Encoding Polypeptides 
Homologous to LPAATs 


Clone 


Status 


BLAST pLoe Score 
2979560 


adslc.pk005.il0 


FIS 


52.00 


Contig of: 

rls6.pk0076.d5 
Hr24.pk0068.e3 


Contig 


22.70 


scblc.pk003.dl8 


EST 


45.04 



The sequence of the entire cDNA insen in clones ris6.pk0076.d5 and scbl c.pk003.dl8 
was determined. Further sequencing and analysis of the DuPont proprietary database 
allowed the identification of corn clones with similarities to the Arabidopsis ihaliana 
putative protein. The BLAST search using the sequences from clones listed m Table 10 
revealed similarity of the polypeptides encoded by the contig to an unknown protein from 
Arabidopsis ihaliana (NCBI General Identifier No. 2979560). Shown in Table 10 are the 
BLAST results for the sequences of the entire cDNA inserts comprising the indicated cDNA 
clones ("FIS"), the sequences of contigs assembled from two or more ESTs C t Contig ,, ). or 
the sequences of an FIS encoding the entire protein ("CGS"): 

TABLE 10 



BLAST Results for Sequences Encoding Polypeptides 
Homologous to LPAATs 


Clone 


Status 


BLAST pLog Score 
2979560 


Contig of; 

cebl.mn0001.dl2:fis 
cpelc.pk006.el 


Contig 


21.70 


rls6.pk0076.d5:fis 


FIS 


67.52 


scblc.pk003.dl8:fis 


CGS 


81.00 



In this type of plant LPAATs domain I includes the amino acids Ser-Asn-His-(Val or 
Ile)-Ser-Tyr-Ile-Glu-Pro-Ile and domain II (61 amino acids downstream) includes the amino 
acids Leu-Leu-Phe-Pro-Glu-GIy-TTir-Thr-Thr. 

The BLAST search using the sequences from clones listed in Table 1 1 revealed 
similarity of the polypeptides encoded by the contig to a member of the acyltransferase 
family from Arabidopsis thaliana (NCBI General Identifier No. 6503307). Shown in 
Table 1 1 are the BLAST results for the sequences of the entire cDNA inserts comprising the 
indicated cDNA clones ("FIS"), the sequences of contigs assembled from two or more ESTs 
("Contig"), or the sequences of the entire protein encoded by an FIS ("CGS"): 
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TABLE 1 1 



BLAST Results for Sequences Encoding Polypeptides 
Homologous to LPAATs 



Clone 


Status 


BLAST pLog Score 
6503307 


ceo 1 n.pk062.p 1 9:fis 


CGS 


119.00 


rlr6.pk0094.f6:fis 


CGS 


111.00 


sdp4c.pk006.nl l:fis 


FIS 


95.52 


Contig of: 

sgslc.pk005.k7 
sgs5c.pk0003.e7 


Contig 


6.52 



5 



In this type of plant LPAATs domain I includes the amino acids Ser-Asn-His-Val-Ser- 
Tyr-(Val or Leu)-Asp-Ile-Leu and domain II (61 amino acids downstream) includes the 
amino acids Leu-Phe-Pro-Glu-Gly-Thr-Thr-Thr. 

The data in Table 12 represents a calculation of the percent identity of the amino acid 
10 sequences set forth in SEQ ID NOs:14, 16, 18, 40, 42, 44, 46, 48, 50, and 52 and the 
Arabidopsis thaliana sequences (NCBI General Identifier No. 6503307). 

TABLE 12 

Percent Identity of Amino Acid Sequences Deduced From the Nucleotide 
15 Sequences of cDNA Clones Encoding Polypeptides 

Homologous to LPAA i a 



Percent Identity to 
SEQ ID NO. 2979560 6503307 



14 


36.3 


13.2 


16 


32.8 


13.8 


18 


65.4 


16.8 


40 


27.0 


21.1 


42 


50.2 


16.9 


44 


65.4 


19.7 


46 


18.0 


54.6 


48 


18.1 


52.5 


50 


11.2 


63.7 


52 


12.4 


19.5 



Sequence alignments and percent identity calculations were performed using the 
Megalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., 
20 Madison, WI ). Multiple alignment of the sequences was performed using the Clustal 
method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-1 53) with the default 
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parameters (GAPTENALTY=10. GAP LENGTH PENALTY=10). Default parameters for 
pamvise alignments using the Clustal method were K TUPLE 1 . GAP PENALTY-3 
WINDOW=5 and DIAGONALS SAVED=5. Sequence alignments and BLAST scores and 
probabilities indicate that the nucleic acid fragments comprising the instant cDNA clones 
5 encode-a substantial portion of an Arabidopsis, a corn, a rice, and a soybean LPAAT and an 
entire soybean LPAAT. These sequences represent the first corn, rice, soybean, and 
Arabidopsis sequences encoding LPAAT of this type. 

EXAMPLE 6 
Characterization of cDNA Clones Encoding Proteins 
10 Similar to Zea mays LPAAT 

The BLASTX search using the EST sequences from clones listed in Table I 3 revealed 
similarity of the polypeptides encoded by the cDNAs to LPAAT from Zea mays (NCBI 
General Identifier No. 575960). Shown in Table 1 3 are the BLAST results for the sequences 
of contigs assembled from two or more ESTs ("Contig"): 



TABLE 1 3 

BLAST Results for Sequences Encoding Polypeptides 



Clone 


Status 


BLAST pLog Score 
575960 


Contig of: 


Contig 


57.70 


rrl.pk0004.alO 




rrl.pk0039.el0 






Contig of: 


Contig 


67.15 


se4.cp0008.b2 




sl2.pk0033.cl 






Contig of: 


Contig 


78.70 


wlkl.pk0004.e7 




wleln.pk0002.e3 







20 



The sequence of the entire cDNA insert in clones rrl.pk0004.al0, sl2.pk0033.cl, and 
wlkl.pk0004.e7 was determined. The BLASTP search using the amino acid sequences from 
clones listed in Table 14 revealed similarity of the polypeptides encoded by the cDNAs to 
LPAATs from Zea mays and Brassica napus (NCBI General Identifier Nos. 1 07682 1 and 
4583544, respectively). Shown in Table 14 are the BLAST results for the sequences of the 
25 entire cDNA inserts comprising the indicated cDNA clones encoding the entire protein 
("CGS"): 
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TABLE 14 

BLAST Results for Sequences Encoding Polypeptides 



Clone 


Status 




BLAST pLog Score 
1076821 ~ 4583544 


rrl.pk6004.al0:fis 


CGS 




> 254.00 


149.00 


sl2.pk0033.cl:fis 


CGS 




169.00 


175.00 


wlkl.pk0004.e7:fis 


CGS 




> 254.00 


148.00 



10 



In this type of plant LPAAT domain I consists of amino acids Ser-Asn-His-Arg-Ser- 
Asp-Ile-Asp-Trp-Leu and domain II (69 amino acids downstream) consists of amino acids 
Ala-Leu-Phe-Val-Glu-Gly-Thr-Arg-Phe. 

The data in Table 1 5 represents a calculation of the percent identity of the amino acid 
sequences set forth in SEQ ID NOs:20, 22, 24, 54, 56. and 58 and the Zea mays sequence 
(NCBI General Identifier No s. 1076821). 



15 



TABLE 15 

Percent Identity of Amino Acid Sequences Deduced From the Nucleotide 

Sequences of cDN A Clones Encoding Polypeptides Homologous 
to Zea mays LPAAT 



SEQ ID NO. 



Percent Identity to 
1076821 



20 
22 
24 
54 
56 
58 



72.6 
72.4 
73.1 
91.2 
70.1 
84.8 



Sequence alignments and percent identity calculations were performed using the 
Megalign program of the LASERGENE bioiirforrnatics computing suite (DNASTAR Inc., 
Madison, WI). Multiple alignment of the sequences was performed using the Clustal 

20 method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 

parameters ( GAP PENALTY=10, GAP LENGTH PENALTY=10). Default parameters for 
pairwise alignments using the Clustal method were KTUPLE 1, GAP PENALTY=3, 
WTNDOW-5 and DIAGONALS SAVED=5. Sequence alignments and BLAST scores and 
probabilities indicate that the nucleic acid fragments comprising the instant cDNA clones 

25 encode a substantial portion of and an entire rice, soybean, and wheat LPAAT. These 

sequences represent the first rice, soybean, and wheat sequences encoding LPAATs of this 
type. 
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EXAMPLE 7 
Expression of Chimeric Genes in Monocot Cells 
A chimeric gene comprising a cDNA encoding the instant polypeptides in sense 
orientation with respect to the maize 27 kD zein promoter that is located 5' to the cDNA 
5 fragment, and the 1 0 kD zein 3' end that is located 3' to the cDNA fragment, can be 
constructed. The cDNA fragment of this gene may be generated by polymerase chain 
reaction (PCR) of the cDNA clone using appropriate oligonucleotide primers. Cloning sites 
(Ncol or Smal) can be incorporated into the oligonucleotides to provide proper orientation 
of the DNA fragment when inserted into the digested vector pML 103 as described below. 
10 Amplification is then performed in a standard PCR. The amplified DNA is then digested 

with restriction enzymes Ncol and Smal and fractionated on an agarose gel. The appropriate 
band can be isolated from the gel and combined with a 4.9 kb Ncol-Smal fragment of the 
plasmid pML103. Plasmid P ML103 has been deposited under the terms of the Budapest 
Treaty at ATCC (American Type Culture Collection, 10801 University Blvd., Manassas. 
15 VA 20 1 1 0-2209). a.,d bears accession number ATCC 97366. The DNA segment from 

pML103 contains a 1.05 kb Sall-Ncol promoter fragment of the maize 27 kD zein gene and 
a 0.96 kb Smal-Sall fragment from the 3' end of the maize 10 kD zein gene in the vector 
pGem9Zf(-^) (Promega). Vector and insert DNA can be ligated at 15°C overnight, 
essentially as described (Maniatis). The ligated DNA may then be used to transform E. coli 
20 XL 1 -Blue (Epicunan Coli XL-1 Blue™; Stratagene). Bacterial transformants can be 

screened by restriction enzyme digestion of plasmid DNA and limited nucleotide sequence 
analysis using the dideoxy chain termination method (Sequenase™ DNA Sequencing Kit: 
U.S. Biochemical). The resulting plasmid construct would comprise a chimeric gene 
encoding, in the 5' to 3' direction, the maize 27 kD zein promoter, a cDNA fragment 
25 encoding the instant polypeptides, and the 10 kD zein 3 1 region. 

The chimeric gene described above can then be introduced into corn cells by the 
following procedure, immature corn embryos can be dissected from developing caryopses 
derived from crosses of the inbred corn lines H99 and LH132. The embryos are isolated 10 
to 1 1 days after pollination when they are 1 .0 to 1 .5 mm long. The embryos are then placed 
30 with the axis-side facing down and in contact with agarose-solidified N6 medium (Chu et al. 
(1 975) Set Sin. Peking 1 8:659-668). The embryos are kept in the dark at 27°C. Friable 
embryogenic callus consisting of undifferentiated masses of cells with somatic 
proembryoids and embryoids borne on suspensor structures proliferates from the scutellum 
of these immature embryos. The embryogenic callus isolated from the primary explant can 
35 be cultured on N6 medium and sub-cultured on this medium every 2 to 3 weeks. 

The plasmid, p35S/Ac (obtained from Dr. Peter Eckes, Hoechst Ag, Frankfurt, 
Germany) may be used in transformation experiments in order to provide for a selectable 
marker. This plasmid contains the Pat gene (see European Patent Publication 0 242 236) 
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which encodes phosphinothricin acetyl transferase (PAT). The enzyme PAT confers 
resistance to herbicidal glutamine synthetase inhibitors such as phosphinothricin. The pat 
gene in p35S/Ac is under the control of the 35S promoter from Cauliflower Mosaic Virus 
(Odeil et ah (1985) Nature 313:810-812) and the 3* region of the nopaline synthase gene 
from the T-DNA of the Ti plasmid of Agrobacterium tumefaciens. 

The particle bombardment method (Klein et al. (1987) Nature 327:70-73) may be used 
to transfer genes to the callus culture cells. According to this method, gold particles (1 u.m 
in diameter) are coated with DNA using the following technique. Ten jag of plasmid DNAs 
are added to 50 uT of a suspension of gold particles (60 mg per mL). Calcium chloride 
(50 \xL of a 2.5 M solution) and spermidine free base (20 uL of a 1.0 M solution) are added 
to the particles. The suspension is vortexed during the addition of these solutions. After 
10 minutes, the tubes are briefly centrifuged (5 sec at 15,000 rpm) and the supernatant 
removed. The particles are resuspended in 200 uT of absolute ethanol. centrifuged again 
and the supernatant removed. The ethanol rinse is performed again and the particles 
resuspended in a final volume of 30 uL of ethanol. An aliquot (5 uL) of the DNA-coated 
gold particles can be placed in the center of a Kapton™ flying disc (Bio-Rad Labs). The 
particles are then accelerated into the corn tissue with a Biolistic™ PDS-1000/He (Bio-Rad 
Instruments, Hercules CA), using a helium pressure of 1000 psi, a gap distance of 0.5 cm 
and a flying distance of 1.0 cm. 

For bombardment, the embryogenic tissue is placed on filter paper over agarose- 
solidified N6 medium. The tissue is arranged as a thin lawn and covered a circular area of 
about 5 cm in diameter. The petri dish containing the tissue can be placed in the chamber of 
the PDS-1000/He approximately 8 cm from the stopping screen. The air in the chamber is 
then evacuated to a vacuum of 28 inches of Hg. The macrocarrier is accelerated with a 
helium shock wave using a rupture membrane that bursts when the He pressure in the shock 
tube reaches 1 000 psi. 

Seven days after bombardment the tissue can be transferred to N6 medium that 
contains gluphosinate (2 mg per liter) and lacks casein or proline. The tissue continues to 
grow slowly on this medium. After an additional 2 weeks the tissue can be transferred to 
fresh N6 medium containing gluphosinate. After 6 weeks, areas of about 1 cm in diameter 
of actively growing callus can be identified on some of the plates containing the glufosinate- 
supplemented medium. These calli may continue to grow when sub-cultured on the 
selective medium. 

Plants can be regenerated from the transgenic callus by first transferring clusters of 
tissue to N6 medium supplemented with 0.2 mg per liter of 2,4-D. After two weeks the 
tissue can be transferred to regeneration medium (Fromm et al. (1 990) Bio/Technology 



<*:833-839). 
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EXAMPLE 8 



Expression of Chimeric Genes in Dicot Cells 



A seed-specific expression cassette composed of the promoter and transcription 
terminator from the gene encoding the P subunit of the seed storage protein phaseolin from 
the bean Phaseolus vulgaris (Doyle et al. (1986) J. Biol. Chem. 26\ :9228-9238) can be used 
for expression of the instant polypeptides in transformed soybean. The phaseolin cassette 
includes about 500 nucleotides upstream (5') from the translation initiation codon and about 
1650 nucleotides downstream (3*) from the translation stop codon of phaseolin. Between the 
5' and 3' regions are the unique restriction endonuclease sites Nco I (which includes the 
ATG translation initiation codon), Sma I, Kpn I and Xba I. The entire cassette is flanked by 
Hind III sites. 

The cDNA fragment of this gene may be generated by polymerase chain reaction 
(PCR) of the cDNA clone using appropriate oligonucleotide primers. Cloning sites can be 
incorporated into the oligonucleotides to provide proper orientation of the DNA fragment 
when inserted into the expression vector. Amplification is then performed as described 
above, and the isolated fragment is inserted into a pUCl 8 vector carrying the seed 
expression cassette. 

Soybean embryos may then be transformed with the expression vector comprising 
sequences encoding the instant polypeptides. To induce somatic embryos, cotyledons, 
3-5 mm in length dissected from surface sterilized, imrnature seeds of the soybean cultivar 
A2872. can be cultured in the light or dark at 26°C on an appropriate agar medium for 
6-10 weeks. Somatic embryos which produce secondary embryos are then excised and 
placed into a suitable liquid medium. After repeated selection for clusters of somatic 
embryos which multiplied as early, globular staged embryos, the suspensions are maintained 
as described below. 

Soybean embryogenic suspension cultures can maintained in 35 mL liquid media on a 
rotary shaker, 150 rpm, at 26°C with florescent lights on a 16:8 hour day/night schedule. 
Cultures are subcultured every two weeks by inoculating approximately 35 mg of tissue into 
35 mL of liquid medium. 

Soybean embryogenic suspension cultures may then be transformed by the method of 
particle gun bombardment (Klein et al. (1987) Nature (London) 527:70-73, U.S. Patent 
No. 4,945,050). A DuPont Biolistic™ PDS1000/HE instrument (helium retrofit) can be used 
for these transformations. 

A selectable marker gene which can be used to facilitate soybean transformation is a 
chimeric gene composed of the 35S promoter from Cauliflower Mosaic Virus (Odell et al. 
(1985) Nature 5/5:810-812), the hygromycin phosphotransferase gene from plasmid pJR225 
(from E. coli\ Gritz et al.( 1983) Gene 25:179-188) and the 3' region of the nopaline synthase 
gene from the T-DNA of the Ti plasmid of Agrobacterium tumefaciens. The seed 
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expression cassette comprising the phaseolin 5' region, the fragment encoding the instant 
polypeptides and the phaseolin 3' region can be isolated as a restriction fragment. This 
fragment can then be inserted into a unique restriction site of the vector carrying the marker 
gene. 

5 To 50 uL of a 60 mg/mL 1 um gold particle suspension is added (in order): 5 uL 

DNA (1 u-g/uL), 20 nl spermidine (0.1 M), and 50 uL CaCl 2 (2.5 M). The particle 
preparation is then agitated for three minutes, spun in a microfuge for 1 0 seconds and the 
supernatant removed. The DNA-coated particles are then washed once in 400 uL 70% 
ethanol and resuspended in 40 uL of anhydrous ethanol. The DNA/particle suspension can 

10 be sonicated three times for one second each. Five uL of the DNA-coated gold particles are 
then loaded on each macro carrier disk. 

Approximately 300-400 mg of a two- week-old suspension culture is placed in an 
empty 60x15 mm petri dish and the residual liquid removed from the tissue with a pipette. 
For each transformation experiment, approximately 5-10 plates of tissue are normally 

15 bombarded. Membrane rupture pressure is set at 1 100 psi and the chamber is evacuated to a 
vacuum of 28 inches mercury. The tissue is placed approximately 3.5 inches away from the 
retaining screen and bombarded three times. Following bombardment, the tissue can be 
divided in half and placed back into liquid and cultured as described above. 

Five to seven days post bombardment, the liquid media may be exchanged with fresh 

20 media, and eleven to twelve days post bombardment with fresh media containing 50 mg/mL 
hygromycin. This selective media can be refreshed weekly. Seven to eight w ~~ks post 
bombardment, green, transformed tissue may be observed growing from untrans formed, 
necrotic embryogenic clusters. Isolated green tissue is removed and inoculated into 
individual flasks to generate new, clonal ly propagated, transformed embryogenic suspension 

25 cultures. Each new line may be treated as an independent transformation event. These 
suspensions can then be subcultured and maintained as clusters of immature embryos or 
regenerated into whole plants by maturation and germination of individual somatic embryos. 

EXAMPLE 9 
Expression of Chimeric Genes in Microbial Cells 

30 The cDNAs encoding the instant polypeptides can be inserted into the T7 E. coli 

expression vector pBT430. This vector is a derivative of pET-3a (Rosenberg et al. (1987) 
Gene 56: 125-135) which employs the bacteriophage T7 RNA polymerase/T7 promoter 
system. Plasmid pBT430 was constructed by first destroying the EcoR I and Hind III sites 
in pET-3a at their original positions. An oligonucleotide adaptor containing EcoR I and 

35 Hind III sites was inserted at the BamH I site of pET-3a. This created pET-3aM with 

additional unique cloning sites for insertion of genes into the expression vector. Then, the 
Nde I site at the position of translation initiation was converted to an Nco I site using 
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oligonucleotide-directed mutagenesis. The DNA sequence of pET-3a\l in this region, 
5-CATATGG, was convened to 5*-CCCATGG in pBT430. 

Plasmid DNA containing a cDNA may be appropriately digested to release a nucleic 
acid fragment encoding the protein. This fragment may then be purified on a 1% NuSieve 
GTG™4ow melting agarose gel (FMCV Buffer and agarose contain 10 ug/ml ethidium 
bromide for visualization of the DNA fragment. The fragment can then be purified from the 
agarose gel by digestion with GELase™ (Epicentre Technologies) according to the 
manufacturer's instructions, ethanol precipitated, dried and resuspended in 20 uL of water. 
Appropriate oligonucleotide adapters may be ligated to the fragment using T4 DNA ligase 
(New England Biolabs, Beverly, MA). The fragment containing the ligated adapters can be 
purified from the excess adapters using low melting agarose as described above. The vector 
pBT430 is digested, dephosphorylated with alkaline phosphatase (NEB ) and deproteinized 
with phenol/chloroform as described above. The prepared vector pBT430 and fragment can 
then be ligated at 16 C C for 15 hours followed by transformation into DH5 electrocompetent 
cells (GIBCO BRL). Transformants can be selected on agar plates containing LB media and 
100 ^ig/mL ampicillin. Transformants containing the gene encoding the instant polypeptides 
are then screened for the correct orientation with respect to the T7 promoter by restriction 
enzyme analysis. 

For high level expression, a plasmid clone with the cDNA insert in the correct 
orientation relative to the T7 promoter can be transformed into E. coli strain BL21(DE3) 
(Studier et ah (1 986) J. Mol Biol. 189:\ 13-130). Cultures are grown in LB medium 
containing ampicillin (100 mg/L) at 25°C At an optical density at 600 nm of approximately 
1, IPTG (isopropylthio-P-galactoside, the inducer) can be added to a final concentration of 
0.4 mM and incubation can be continued for 3 h at 25°. Cells are then harvested by 
centrifugation and re-suspended in 50 uL of 50 mM Tris-HCl at pH 8.0 containing 0.1 mM 
DTT and 0.2 mM phenyl methylsulfonyl fluoride. A small amount of 1 mm glass beads can 
be added and the mixture sonicated 3 times for about 5 seconds each time with a microprobe 
sonicator. The mixture is centrifuged and the protein concentration of the supernatant 
determined. One u,g of protein from the soluble fraction of the culture can be separated by 
SDS-polyacrylamide gel electrophoresis. Gels can be observed for protein bands migrating 
at the expected molecular weight. 

Activity assays may be conducted under well known experimental conditions which 
permit optimal enzymatic activity. For example, assays for LPAAT which incorporates 
medium-sized chain fatty acids are presented by Knutzon et al. (1995) Plant Physiol 
709:999-1006. Assays for LPAAT which incorporates fatty acids longer than 1 8 carbons are 
presented by Lassner et al. (1 995) Plant Physiol 1 09: 1 389-1 394. Assays to investigate the 
fatty acid selectivity of LPAATs is presented by Lohden and Frentzen (1992) Planta 
188:215-224. 
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CLAIMS 



What is claimed is: 

1 . An isolated polynucleotide comprising a nucleotide sequence selected from the 
group consisting of: 

(a ) first nucleotide sequence encoding a polypeptide of at least 100 amino acids 
having at least 80% identity based on the Clustal method of alignment when compared to a 
polypeptide selected from the group consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, 
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, and 52, or 

(b ) a second nucleotide sequence comprising the complement of the first 
nucleotide sequence. 

2. The isolated polynucleotide of Claim 1 , wherein the first nucleotide sequence 
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NOs:l, 3, 
5, 7, 9, 1 1, 13, 15,17, 25, 27, 29, 3 1, 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51, that codes for 
the polypeptide selected from the group consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 
18, 26, 28. 30, 32, 34, 36, 38, 40, 42, 44, 46. 48, 50, and 52. 

3. The isolated polynucleotide of Claim 1 wherein the nucleotide sequences are 

DNA. 

4. The isolated polynucleotide of Claim 1 wherein the nucleotide sequences are 

RNA. 

5. A chimeric gene comprising the isolated polynucleotide of Claim 1 operably 
linked to suitable regulatory sequences. 

6. An isolated host cell comprising the chimeric gene of Claim 5. 

7. A host cell comprising an isolated polynucleotide of Claim 1 . 

8. The host cell of Claim 7 wherein the host cell is selected from the group 
consisting of yeast, bacteria, plant, and virus. 

9. The host cell of claim 8 wherein the host cell is a virus. 

1 0. A polypeptide of at least 1 00 amino acids that has at least 80% identity based on 
the Clustal method of alignment when compared to a polypeptide selected from the group 
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 
46, 48, 50, and 52. 

11. A method of selecting an isolated polynucleotide that affects the level of 
expression of an LPAAT isozyme polypeptide in a plant cell, which comprises: 

(a) constructing an isolated polynucleotide comprising a nucleotide sequence of 
at least one of 30 contiguous nucleotides derived from an isolated polynucleotide of 
Claim 1; 

(b) introducing the isolated polynucleotide into a plant cell; 

(c) measuring the level of a polypeptide in the plant cell containing the 
polynucleotide; and 
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i^Bnng the level of polypeptide in the p^^c 



( d ) comparing the level of polypeptide in the plant cell containing the isolated 
polynucleotide with the level of polypeptide in a plant cell that does not contain the isolated 
polynucleotide. 

12. The method of Claim 1 1 wherein the isolated polynucleotide consists of a 

5 nucleotide sequence selected from the group consisting of SEQ ID NOs:l, 3. 5. 7. 9, 1 1. 13, 
15, 17, 25, 27, 29 ; 31. 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51 that codes for the 
polypeptide selected from the group consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, 
26. 28, 30, 32. 34. 36. 38, 40, 42, 44, 46, 48, 50, and 52. 

13. A method of selecting an isolated polynucleotide that affects the level of 
10 expression of an LPAAT isozyme polypeptide in a plant cellwhich comprises: 

( a ) constructing an isolated polynucleotide of Claim 1 ; 
<b) introducing the isolated polynucleotide into a plant cell; 
(O measuring the level of polypeptide in the plant cell containing the 
polynucleotide; and 

15 (d) comparing the level of polypeptide in the plant cell containing the isolated 

polynucleotide with the level of polypeptide in a plant cell that does not contain the 
polynucleotide. 

14. A method of obtaining a nucleic acid fragment encoding an LPAAT isozyme 
polypeptide which comprises: 

20 (a) synthesizing an oligonucleotide primer comprising a nucleotide sequence of 

at least one of 30 contiguous nucleotides derived from a nucleotide sequence selected from 
die group consisting of SEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 25, 27, 29, 31, 33, 35. 37, 
39, 41 , 43. 45. 47, 49. and 51 and the complement of such nucleotide sequences: and 

(b) amplifying a nucleic acid sequence using the oligonucleotide primer. 

25 15. A method of obtaining a nucleic acid fragment encoding an LPAAT isozyme 

polypeptide which comprises: 

(a) probing a cDNA or genomic library with an isolated polynucleotide 

comprising at least one of 30 contiguous nucleotides derived from a nucleotide sequence 

selected from the group consisting of SEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 25, 27, 29, 
30 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, and 51and the complement of such nucleotide 

sequences; 

(bi identifying a DNA clone that hybridizes with the isolated polynucleotide; 

(c) isolating the identified DNA clone; and 

(d) sequencing the cDNA or genomic fragment that comprises the isolated DNA 

35 clone. 

1 6. A composition comprising the isolated polynucleotide of Claim 1 . 

17. A composition comprising the isolated polynucleotide of Claim 1 0. 
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18. An isolated polynucleotide comprising the nucleotide sequence having at least 
one of 30 contiguous nucleotides derived from a nucleic acid sequence selected from the 
group consisting ofSEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 25, 27, 29,31,33,35,37.39, 
41, 43, 45, 47, 49, and 5 land the complement of such sequences. 
5 1-9. A method for positive selection of a transformed cell comprising: 

(a) transforming a host cell with the chimeric gene of Claim 5; and 

(b) growing the transformed host cell under conditions which allow expression 
of the polynucleotide in an amount sufficient to complement a null mutant to provide a 
positive selection means. 

10 20. The method of Claim 1 9 wherein the plant cell is a monocot. 

2 1 . The method of Claim 1 9 wherein the plant cell is a dicot. 

22. An isolated polynucleotide comprising a nucleotide sequence selected from the 
group consisting of: 

(a) first nucleotide sequence encoding a polypeptide of at least 100 amino acids 
15 having at least 95% identity based on the Clustal method of alignment when compared to a 
polypeptide selected from the group consisting of SEQ ID NOs:20, 22, 24, 54, 56, and 58 or 

fb) a second nucleotide sequence comprising the complement of the first 
nucleotide sequence. 

23 . The isolated polynucleotide of Claim 22, wherein the first nucleotide sequence 
20 comprises a nucleic acid sequence selected from the group consisting of SEQ ID Nos: 19, 21 , 

23, 53, 55 and 57 that codes for the polypeptide selected from the group consisting of SEQ 
ID NOs:20, 22, 24, 54, 56, and 58. 

24. The isolated polynucleotide of Claim 22 wherein the nucleotide sequences are 

DNA. 

25 25. The isolated polynucleotide of Claim 22 wherein the nucleotide sequences are 

RNA. 

26. A chimeric gene comprising the isolated polynucleotide of Claim 22 operably 
linked to suitable regulatory sequences. 

27. An isolated host cell comprising the chimeric gene of Claim 26. 
30 28. A host cell comprising an isolated polynucleotide of Claim 22. 

29. The host cell of Claim 28 wherein the host cell is selected from the group 
consisting of yeast, bacteria, plant, and virus. 

30. The host cell of claim 29 wherein the host cell is a virus. 

31. A polypeptide of at least 1 00 amino acids that has at least 95% identity based on 
35 the Clustal method of alignment when compared to a polypeptide selected from the group 

consisting of SEQ ID NOs:20, 22, 24, 54, 56, and 58. 

32. A method of selecting an isolated polynucleotide that affects the level of 
expression of an LPAAT isozyme polypeptide in a plant cell, which comprises: 

39 
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(a) constructing an isolated polynucleotide comprising a nucleotide sequence of 
at least one of 30 contiguous nucleotides derived from an isolated polynucleotide of 
Claim 22; 

( b) introducing the isolated polynucleotide into a plant cell; 
5 - ( c ) measuring the level of a polypeptide in the plant cell containing the 

polynucleotide; and 

(d) comparing the level of polypeptide in the plant cell containing the isolated 
polynucleotide with the level of polypeptide in a plant cell that does not contain the isolated 
polynucleotide. 

10 33. The method of Claim 32 wherein the isolated polynucleotide consists of a 

nucleotide sequence selected from the group consisting of SEQ ID 19, 21, 23, 53, 55 and 57 
that codes for the polypeptide selected from the group consisting of SEQ ID NOs:20, 22. 24, 
54, 56. and 58. 

34. A method of selecting an isolated polynucleotide that affects the level of 
15 expression of an LPAAT isozyme polypeptide in a plant cell which comprises: 

( a) constructing an isolated polynucleotide of Claim 22; 
("b) introducing the isolated polynucleotide into a plant cell; 
(O measuring the level of polypeptide in the plant cell containing the 
polynucleotide: and 

20 ( d) comparing the level of polypeptide in the plant cell containing the isolated 

polynucleotide with the level of polypeptide in a plant cell that does not contain the 
polynucleotide. 

35. A method of obtaining a nucleic acid fragment encoding an LPAAT isozyme 
polypeptide which comprises: 

25 (a) synthesizing an oligonucleotide primer comprising a nucleotide sequence of 

at least one of 30 contiguous nucleotides derived from a nucleotide sequence selected from 
the group consisting of SEQ ID NOs: 1 9, 21, 23, 53, 55, and 57 and the complement of such 
nucleotide sequences; and 

{"b) amplifying a nucleic acid sequence using the oligonucleotide primer. 
30 36. A method of obtaining a nucleic acid fragment encoding an LPAAT isozyme 

polypeptide which comprises: 

(a) probing a cDNA or genomic library with an isolated polynucleotide 
comprising at least one of 30 contiguous nucleotides derived from a nucleotide sequence 
selected from the group consisting of SEQ ID NOs:19, 21, 23, 53, 55, and 57 and the 
35 complement of such nucleotide sequences; 

(b> identifying a DNA clone that hybridizes with the isolated polynucleotide; 
(c) isolating the identified DNA clone; and 
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(d) sequencing the cDNA or genomic fragment that comprises the isolated DNA 

clone. 

37. A composition comprising the isolated polynucleotide of Claim 22. 

38. A composition comprising the isolated polynucleotide of Claim 31 . 

39. An isolated polynucleotide comprising the nucleotide sequence having at least 
one of 30 contiguous nucleotides derived from a nucleic acid sequence selected from the 
group consisting of SEQ ID NOs:19, 21, 23, 53, 55, and 57 and the complement of such 
sequences. 

40. A method for positive selection of a transformed cell comprising: 

( a) transforming a host cell with the chimeric gene of Claim 26; and 

(b) growing the transformed host cell under conditions which allow expression 

of the polynucleotide in an amount sufficient to complement a null mutant to provide a 

positive selection means. 

41. The method of Claim 40 wherein the plant cell is a monocot. 

42. The method of Claim 40 wherein the plant cell is a dicot. 
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SEQUENCE LI S T I KG 

<11C~- E . Z. du Pent ae Nemours and Ccnpany " ' 

'12; ■ Ly-op-cspnatic:- Acid A:e:v;:ra:.s:er2ses 

■:232 • EE1332 

•:ir. • 

■ 14 : • 

■ 15: ■ 60/121, 119 
•151.- 1999-February-22 

■16" ■ 56 

•17. Microsoft Office 97 

-2 1:;.- 1 

•211 92 8 

• 2 1 .: DNA 

■'213 Zea mays 



unsure 
(858 ) 



unsure 

(876; 



unsure 

(897) 

•'4 00 • 1 

: J -tt::ttcct gtcca::tcc tattgaaagg 

;aaq:tggtr gaaa t gatgt. qcagtgitit 

:.:at;gacca cgcccaagca cacgaccrca 

;.-La:3t::c attattcrgg agcaaatgac 

-. ugaigggt t ggatttattc agaagacta: 

:glaatqat ctccgggacc gtgaagttac 

jrcagacaac aatcctctgt tgatttttcc 

::tcatgttc aagaagggtg cctttgagct 

gta^aataaa atatttgttg atgccttttg 

ettggtcegg ctgatgacat catgggctgt 

atatctgagg gagggagaga eggcaattge 

tgetagaget ggactaaaga agttccttgg 

::caaacaca ctgaagagaa acaaegcata 

gagaaatgaa gggacgtaaa geegtacaag 

::ttgttatt ccgttggntr cccaaaaaaa 

;;ac:tccat ttt ggttggt taattttg 

■•.21 C - 2 
:211- 262 
<211 ■ PRT 
•'212- lea mays 



gcaagacaag ttgagaagta aaattgagac 6D 

tgttgcttca tggactggag ttatcaagta 120 

tcaggtatrc gttqeaaace aracaicaa: 130 

ageatrtget gtcatcatgc agaagcatcc 240 

cttggaaagt gtcggttgca tctggtttaa 300 

ggcacggaag ttacgtgatc atgttcaaca 360 

ggaaggaact tgtgtgaaca accagtacac 420 

tggctgeget gtatgtccaa tagctaccaa 480 

gaacagtaag aagcaatctt ntacaatgca 540 

tgtgtgtgat gtttggtact tacctcctca 600 

atttgetgag agagtaaggg acatgatagc 660 

gatggctatc tgaaacacaa ccgtcctagr 720 

tttgecgaar ctgtcttgat gagactggag 780 

tgcacttcgt tagggtttta catgeagcta 840 

aaaaantgag cctgggacac gtcaaantga 900 

928 
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<400> 2 

Phe Phe Pre Val His Pne Leu Leu Lvs GIv Gin Aso Lvs Leu Ara Ser 
- ^ 10 * ~ 15 



^eu Val Glu Met Me" Cvs Ser Val Pne Vai Ala 



Ser Trp Thr Gly Val He Lys Tyr His Giy Pro Arg Pro Ser Thr Arg 
35 40 45 



Pre His Gin Vai Phe Vai Ala Asn His Thr Ser Met lie Asp Phe lie 



60 



lie Leu Glu Gin Met Thr Ala Phe Ala Val lie Met Gin Lys His Pro 

t~- 7C 7 5 8 0 

Gly Trp Vai Gly Phe lie Gin Lys Thr Tie Leu Glu Ser Val Gly Cys 
85 9C 35 

lie Trp Phe Asr, Arq Asn Asp Leu Arg Asp Ara Glu Val Thr Ala Arc 
ICC 105 ' 110 

Lys Leu Arg Asp His Vai Gin Gin Pro Asr: Asn Asn Pro Leu Leu lie 
115 120 125 

Phe Pro Glu Gly Thr Cys Vai Asn Asn Gin Tyr Thr Val Met Phe Lvs 
130 135 140 

Lys Gly Ala Phe Glu Leu Gly Cys Ala Val Cys Pro lie Ala lie Lys 
1-i 5 150 155 1 60 

Tyr Asn Lys lie Phe Vai Asp Ala Phe Trp Asn Ser Lys Lys Gin Ser 
1G5 170 175 

Pn-3 Thr Met His Leu Vai Arg Leu Met Thr Ser Trp Ala Val Vai Cys 
180 185 190 

Asp Vai Trp Tyr Leu Pro Pro Gin Tyr Leu Arg Glu Giy Glu Thr A^a 
195 200 205 

— - Ala Phe Ala Giu Arg Val Arg Asp Met lie Ala Ala Ara Ala Giy 
.210 215 220 

Lai Lys Lys Val Pro Trp Asp Giy Tyr Leu Lys His Asn Arg Pro Ser 
2~-5 2 30 23 5 24 C 

Pro L-ys His Thr Glu Glu Lys Gin Arg He Phe Ala Giu Ser Val Leu 
245 250 255 

Met Arg Leu Glu Glu Lys 

260 

<210'- 3 

<2ii.- 519 

<212 DNA 

<2 13:- Glycine max 



<220 
<221 



unsure 



<222> (46) 
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unsure 

(69; 



unsure 

(66, 



:zi 



unsure 



unsure 

(142} 



-2.12 (144) 

■ ;jo.- 

•■221 • unsure 

Ji-2 • (166; 

•.;.2-c ■ 

■ ..11 ■• unsure 



unsure 



unsure 

(347) 



<22 0;- 



unsure 
(36S; . . 



;3G9; 



<22'0\- 
< 2 2 1 . - 



unsure 
(371) 



<22'0 



unsure 
(404 ) 



unsure 

M13 ) 



< 2 2 I 



unsure 
(422) 



3 
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_ ^ ± 



unsurt 
• A 3 v 



2 2 0 



unsure 

( 7 5 : 



:2 20 



unsure 

i <; & 9 ) 



unsure 

('193) 



PCT/US00/04526 



unsure 
(5C4 ) 



: 2 o 



unsure 
{ 5 C S ;> . . (509) 



;. o 



unsure 
(516) 



a^Gnact agt 
- ;a:craar.a 

a r. cancgaa 
na: anccat c 
t ct gcaaa 
ja* cucar.r.c 
tr.cqactat t 
aaat*.tgtnc 



ctcgagtttr 
tntacatgt a 
gaaaaagt aa 
tatttgttgc 
ccaaggaacc 
ttcaatgggt 
nacagcccaa 
ccaaancngc 
agncaaagt c 



tttitttttt 
tatcanaara 

ananatatac 

tttttaagee 
gt ctctcctg 
gat gtcatta 
at cgacgaaa 
aaant ggnnc 



t tttggt cat 
gtaagt ggag 
attatt ttt c 
t gtget t ggg 
cagcacgat g 
gcttcaaatt 
att gcaagag 
attttaatgt 
ccttcntgg 



ggaatnat 1 1 
nacaaacaag 
ct caaagege 
actagggega 
tgagat tatg 
ttgtggnt cc 
atgnctggrc 
acttgattgc 



t caggcaatt 
ggt tggngaa 
cgcaacacag 
gaa t acttca 
t ct ct aact z 
aagtaccata 
aangatt gc t 
caceggggna 



60 
120 
2 80 
240 
300 
360 
420 
480 
519 



-2 10:- 
< 2 : 1 1 > 
-.212: 
<.2 13> 

-220> 



4 

107 
PRT 

Glycine max 



UNSURE 

(24) 



<22 0 



UNSURE 

(36) 



-220. 

<221 

<222 



UNSURE 
(43) 
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UXSURE 
' 7 <h 1 



CKS URE 

(97) 

Pro Vai Ala lie Lys Tyr lie Lys lie Phe Val Asp Ala Val Trp Asn 

~ I 10 15 



:-er Arq Lys Gin Ser Phe Thr Xaa His Leu Leu Gin Leu Met Thr Ser 

-0 25 30 

"re. Ala Val Xaa Cys Asp Val Trp Tyr Leu Xaa Pro Gin Asn Leu Lys 

35 4C 45 

Ir: 31y Glu Thr Pro lie Glu Phe Ala Glu Arg Val Arg Asp lie lie 

50 55 60 



Zzr. His 



-eu Lys Lys Val Pro Trp Asp Gly Tyr Xaa Lys 
7 ° 7 5 " 8 0 



lyr 3er Arg Pro Ser Pre Lys His Arg Glu Gly Lys Gin Gin lie Phe 

85 90 95 

X3J- -;iu Ser Val Leu Arg Arg Phe Glu Glu Lys 
10 0 l C 5 



•:210- 5 

<:.:. i ■ 10 57 

<2L2 ■ DNA 



v. aestivum 



unsure 
( 955 ; 



unsure 

( 1009) 



<220 

< z :■ 2 . 



unsure 

(1016; . . {1017; 



<:2i0 
<22 1 ■ 



unsure 

(1029) 



<220 
<222 



unsure 
( 1034 I . 



. (1035] 



<220 
<22 1 
<2 2 2 



unsure 
(1061) 
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< 4 0 C > 5 

tgcttctzgg 

ggtattigt: 

jagaaag::a 
■3q_qaactt.g: 
ctgt get gr a 
ragtaagaag 
t tgt gatctt 
r.act-gaaaga 
tggcta:c:g 
r.gctgaatct 
■:t cc tggt t a 
agacetgggg 
cagaatcagt 
qacactact c 
gaacacagat 
gatcgtgcna 



aciggagtga 
gcaaaccaia 
at ca:c.:aaa 
ettacat g 
cgtqatcaag 
gtraa:aarc 
rgtccaanag 
caatct::t a 
tggtcttggg 
gtgagggaca 
aaaca:aacc 
gtgt tgagga 
gttgagggat 
cargtggaaa 
agcatgtget 
cgati:t:at 
ttgcgtgtac 
agtrmttaat 



tcaagtacca 
cat;gatgat 
agcatccrgg 
ggt :t;accg 

a gt acact gt 
ctatcaaata 
caat gcatt t 
aacctcagt a 
tgatagctgc 
gccctagccc 
gact a gagga 
ttcccctrag 
tgaccaccgc 
t ggcaagaaa 
acaccacaga 
acaaatt gac 
actaaagatg 



:gcac:acgc 

agat:::a:: 

atgggttgga 

:aa:ga:::c 

agacaa eaa t 

gatg::caag 

taataaaar a 

ggtt cgt cr t 

t ct cagggaa 

tcgggct ggt 

caaacatacc 

aaactaaata 

ttgccttgta 

agttitgctg 

gaactatt ga 

tcaancgttg 

atggacargr 

gtaggtaacc 



ccaagc:cac 
art ctggagc 
trtattcaga 
aaggarcgtg 

CClCtCttQa 

aagggt get t 
tttgttgacg 
atgacatcat 
ggggagacag 
cttaagaagg 
gaggaaaagc 
gcratcaatc 
atctgttaat 
tttgtt 



atccctgaac 
ccatagggnt 
naacatt 



gaccttatca 
agat gacagc 
agaetat t ct 
aactagttgg 
ttttccccga 
tt gagct t gg 
ccttctggaa 
gggctgttgt 
cga t agaat t 
ttccatggga 
agcgcatgtt 
aactcaeggt 
cacccaagtg 
t gcggtttga 
ctatacat ac 
aaactgcagt 
cgcatnnat g 



6 0 
12 0 

: $ o 

2~ C 

360 
420 
48 0 
5 4 0 
600 
660 
720 
78 0 
840 
90 0 
960 
1020 
1067 



210- 6 

211:- 231 

2 12 : ■ PRT 

213:- Triticum aestivuxr. 



<400> 6 

Ala Ser Trp Thr Gly Va: 



lie Lys 



Arg Pre Tyr G^n Val ?he Val Al; 



2G 



He He Leu Glu Glr. Met 
35 

Pro Gly Trp Val Glv ?he 
50 

Ala Ser Glv Phe Asn Ara 

65 70 



Thr Ala 
40 



Tyr His 
10 

Asn His 
25 



Phe Ala Val 11 



He Gin 

55 



Lys Thr 
Asn Asp Leu Lys 



Gly Pro Arg Pro Ser Ser 
15 

Thr Ser Met He Aso Phe 
30 

Met Gin Lys Kis 
45 

Glu Ser Va] Val 



lie Leu 
6C 

Asp Arg 
75 



Arg Lys Leu Arg Asp Gin Val Gin 



He Phe Pro Glu Gly Thr Cys Val 
100 

Lys Lys Gly Ala Phe Glu Leu Gly 

115 120 

Lys Tyr Asn Lys He Phe Val Asp 

130 135 



His Pro 

90 



Asp Asn 
Gin Tyr 
Cys Ala Val Cys 



Asn Asn 
105 



Ala Phe 



Ser Phe Thr Met His Leu 

145 150 



Val Arg Leu Met 



Cys Asp Val Trp Ser Trp Glu Pro Gin Tyr 
165 17 c 



Trp Asn 
140 

Thr Ser 

155 

Leu Arg 



Glu Val Val Gly 

80 

Asn Pro Leu Leu 
95 

Thr Val Met Phe 
110 

Pro He Ala He 
125 

Ser Lys Lys Gin 



Trp Ala Val Val 
160 

Glu Gly Glu Thr 

175 
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Ala He Glu Pfte Thr GIu Arg Val Arg Asp Met He Ala Ala Arc Ala 

180 135 190 



u-v ^eu i_ys 

1 G 



Val fro Trp Asp Gly Tyr Leu Lys His Asp. Arc ?r. 



3er Pre L 1 , 



rhr Glu Glu Lys Gin Arg Ket Phe Ala GIu Ser Val 
215 2 2 0 



jeu Arg Arg Leu Glu Glu Asn 





2 


30 










•:210:- 7 














•:211 ■ 104 3 












:212 - DNA 














'213 > Zea 


mays 












<40O> 7 














gccgcgcgt g 


cacgctgtt c 


gtggatgcag 


atggggggcg 


gccgaggttg 


gcggggtgga 


60 


ggag gaaggc 


cgtgctgcga 


t eggggt gcg 


egctet cacc 


ggt gatgetc 


ttcgt cttcg 


12 0 


g gtt rt actg 


gat ccgegag 


acccgcagaa 


ggtcca ct aa 


tgctaagggt 


t taaat cagg 


180 


accaatttga 


agaat cccaa 


aggecagggg 


caattgta t c 


taat catgtc 


tcttatgtgg 


2-10 


a:attcttta 


t cacat gt ca 


gcatcctttc 


caagt 1 1 1 g t 


t gctaaggag 


tcacrtgtcea 


300 


ggtt gecact 


t a ttggtct c 


ataagcaat t 


gtct t ggat g 


catttttgtt 


caacgagaat 


360 


r gaa gt ct t c 


agaagctaaa 


ggtgt ctcag 


gcgctgtaac 


t gaaaggatc 


caagaegtt t 


420 


gt caagataa 


gaatacccca 


atgat gttgt 


tgt tt cccga 


gggaactact 


acaaat gggg 


430 


ar.taccttct 


tccatttaag 


actggagect 


ttcttgeagg 


t gcaccagt g 


cagecagt ca 


5-10 


*_ ittgaaata 


cccttacagg 


agatttagt c 


cagcatggga 


ttcaat ggat 


ggagcacgt c 


600 


at gtgttttt 


getgetet gt 


caattt gtaa 


atcacat gga 


g gtggt cegg 


tt gect gt at 


660 


actatccttc 


tcaact agaa 


aaagaagat c 


ctaagctcta 


c gcaaataat 


gt cagaaaac 


720 


Laatagcaat 


ggagggcaat 


ttagtt cttt 


:taatattgg 


got ggcagag 


aagcgcgtgt 


7SC 


accat gcagc 


actgact ggt 


agtagt ctac 


ctggcgctag 


a zatgagaaa 


gatgat t gaa 


64 0 


icacottgeg 


tegctrttte 


t gt aacagac 


agecgag gas 


cucttaaaaa 


tgtaactgtg 


900 


t gcgt gtttt 


tatacctgta 


a t gtggcagt 


ttatttgtt t 


gaggaggct g 


t tgagt accc 


960 


ttctcatact 


acat t gt aca 


aaaacaat gt 


ccaatgt c c a 


t tatagtttg 


atgaggt t eg 


1020 


tgctccaaaa 


aaaaaaaaaa 


aaa 








1043 



:210: 
:21l:- 
:212;- 
:213:- 



8 

27 8 
PRT 

Zea mays 



■'4 00> S 

Arg Ala Cys Thr Leu Phe Val Asp A^a Asp Gly Gly Arg Pro Arg Leu 

15 10 ii 



Ala Gly Trp Arg Arg Lys Ala Val Leu Arg Ser GIv Cys Ala Leu Ser 
20 25 30 



Arg Val Met Leu Phe Val Phe Gly Phe Tyr Trp 



35 



40 



:ie Arg Glu Thr Arg 
45 



Arg Arg Ser Thr Asn Ala Lys Gly Leu Asn Gin Asp Gin Phe Glu Gl 



50 



55 



60 



Ser Gin Arg Pre Gly Ala He Val Ser Asn His Val Ser Tvr Val Asp 

65 "70 75 " SC 

He Leu Tyr His Met Ser Ala Ser Phe Pro Ser Phe Val Ala Lys GIu 

85 90 95 
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Ser Val Ser Arc Leu Pro Leu lie Gly Leu He Ser Asn Cys Leu Gly 

100 105 1IC 

C y f. : ; * Phe Val Gin Arg Glu Ser Lys Ser Ser Glu Ala Lys Sly Va 

Ser Gly Ala Val Thr Glu Arg He Gin Asp Val Cys Gin Asp Lys Asn 



140 



Thr Pro Met Met Leu Leu Pne Pro Glu Gly Thr Thr Thr Asn Gly Asp 

14 5 150 155 160 

Tyr Leu Leu Pre Phe Lys Thr Gly Ala Phe Leu Ala Gly Ala Pro Val 

165 " 170 175 

G_r. Pro Val He Leu Lys Tyr Pro Tyr Arg Arg Phe Ser Pro Ala Trp 

ISC " " 185 190 

A:=p Jer Me: Asp Gly Ala Arg His Val Phe Leu Leu Leu Cys Gin Phe 

195 20C 205 

VH Asn His Met Glu Vu._ 7a. Arc; Leu Pro Val Tvr Tyr Pre Ser GH 



<l 



22; 



Leu Glu Lys Glu Asp. Pro Lys Leu Tyr Ala Asn Asn Val Arg Lys Leu 
225 ' 230 ' 235 240 

He Ala Met Glu Gly Asn Leu Val Leu Ser Asn He Gly Leu Ala Glu 
24; 250 255 

Lys A.rg Val Tyr His Ala Ala Leu Thr Gly Ser Ser Leu Pro Gly Ala 
2£0 265 270 

Arc His Glu Lys Asp Asp 
275 

-210- 9 

•■211: ■ 134 9 

-.212.- DNA 

•:213 -' Glycine max 

<4C0> 9 

aagaacctga cccaggatga ggatcgcgtg agcactcctc ttcagatccg cacaagcatt 60 

gcatatcaaa tcaagcatcc tgttccttat ctctgtctct gcatttccct tccttcttc: 120 

tctctctctc tctctaaaac cctaattcta tacatggaag ggaaatctca aatctaatga 180 

ctaattaatt aatccatcga tcaagcatgg agtccgaact caaagacctc aattcgaagc 240 

cgccgaacgg caacggcaac agcgttcgcg atgaccgtcc tetgetgaag ccggagcctc 300 

cggtrtccgc cgacaccatc gecgatatgg agaagaagtt cgccgcttac gtccgccgcc 3<->0 

acgtgtacgg caccatggga cgcggcgagt tgcctcccaa ggagaagctc ttgctcggtt 420 

tcgcgttggt cactcttccc cccattcgag tcgttctcgc cgtcaccata ttgctctttt 480 

attacttaat ttgtagggtt tgcactctct tctctgcgcc cactggcgaa gaggaacagg 540 

aagattaege tcacatgagt gggtggagga gaaccattat tgtttcgtgt ggacgcgccc 600 

tctccagact catgetttte attttegget tttattggat ccccgaatcg aactctgcct 660 

ctcaggaaga caagagtegg cagcccgaag agttgaggag acctggcgta ataatttcta 720 

ancatgtgtc gtacttggat atrttgtatc acatgtcttc ctcattccct agttttgttg 780 

ctaagagatc agtggctaaa cttccgctag teggtctcat cagcaagtgc cttggttgtg 840 

tctatgtrca gegggaatea aggtcatcag acttcaaggg tgtttcagct gttgtcactg 900 

acagaattcg agaagctcat cagaatgagt ctgctccatt aatgatgtta tttccagaag 960 

gtacaaccac aaatggagag ttccrccttc cattcaagac tggtggtttt ttggcaaagc 1020 
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caccggtact rcctgtgata ttacgatatc attaccagag attragccct; gcctgggatt 1080 

ccararctgg ag*gcgccat gigatattic tcctgtgtca gtttgtgaat tatatggagg 1140 

:gai:cga:: acc:gtitac catccttcac agcaggagat gcatgaiccc aaactatacg 12CC 

ctaataargt tagaaggtrg atcgctactg agggtaattt qatactttct gatattgggc 1260 

:agc:gaaa£ acgaatata: cacgctgrtc t:aatggtsa laaiaccctg cctagrgtrt 13 20 

tgcatcagoa agacgaatga tao:::ca: 1349 



21: • i c 

211 - 377 

212 - PRT 



Glycine max 



< 4 0 0- 10 

Me: '.';iu Ser Glu Leu Lys Asp Leu Asr. Ser Lys Fro Pro Asn Gly Asm 
15 10 15 

G^y Asn Ser Val Arg Asp Asp Arg Pro Leu Leu Lys Pro Glu Pro Pro 
20 25 " 30 

Vai Ser Ala Asp Ser lie Ala Asp Met Glu Lys Lys Phe Ala Ala Tyr 
3 5 4 0 4 5 



W-il Arc Arc Asrj Va 



Gly Thr Met Gly Arc Gly 
55 60 



jeu Pro Pre 



Lys Glu Lys Leu Leu Leu Gly Phe Ala Leu Val Thr Leu Leu Pro lie 
65 70 75 80 

Arg Val Val Leu Ala Val Thr lie Leu Leu Phe Tyr Tyr Leu lie Cys 
85 90 95 

7,rg Val Cys Thr Leu Phe Ser Ala Pro Thr Gly Glu Glu Glu Gin Glu 
10C 105 110 

Arc ^yr Ala His Met Ser Gly Trp Arc Arg Thr lie lie Val Ser Cys 
115 12 0 12 5 

GJ y Arg Ala Leu Ser Arc ^eu Met Leu Phe lie Phe Gly Pr.e Tyr Trp 
-30 135 140 

:ie Pro Glu Ser Asn Ser Ala Ser Gin Glu Asp Lys Ser Arg Gin Pro 
145 150 155 " 160 

Glu Glu Leu Arg Arg Pro Gly Val lie He Ser Asn His Vai Ser Tyr 
165 170 175 



Leu Asp He Leu Tyr His Met Ser Ser Ser Phe Pro Ser Phe Vai Ala 



180 



185 



190 



Lys Arg Ser Val Ala Lys Leu Pro Leu Val Giy Leu He Ser Lys Cys 

195 200 205 

Leu Gly Cys Val Tyr Val Gin Arg Glu Ser Arg Ser Ser Asp Phe Lys 

210 215 " 220 



Lly Val Ser Ala Val Val Thr Asp Arg He Arg Glu Ala His Gin Asn 



225 



230 



235 



2 4 0 



Glu Ser Ala Pro Leu Met Met Leu Phe Pro Glu Gly Thr Thr Thr Asn 
245 250 255 



9 
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Leu Leu Pro Phe Lys Thr Gly Gly Phe Leu Ala Lys Ale 

25 0 2 65 2 7 C 



2 8 ; 



_r. Arc rne ;er r:c 

235 



Trp A.sp Ser lie Ser Gly Val Arc His Val He Phe Leu Leu Cys 
290 295 300 



305 



Phe Val Asn Tyr Met Glu Vai He Arg Leu Pro Val Tyr His Pro 
31C 315 320 



Ser G^n Gin Giu Met Asp Asp r'ro Lys u eu Tyr Ala Asn Asn Vai Arg 
325 " 330 " 335 

Ar 2 Leu Met Ala Thr Glu Gly Asn Leu He Leu Ser Asn lie Giv Leu 
34G 345 * 35C 

Ai u Glu Lys Arg lie Tyr His Ala Ara Leu Asn Gly Asn Asn Ser Leu 
355 360 " 365 

Pro Ser Val Leu His Glr. Lys A.sp Glu 

37C 375 



11. 



11 

565 
LNA 
Trit 



rcurr, aestrvum 



up sure 
(363) 



unsure 

(391 ; 



unsure 



• unsure 
<22:> (433) 



<2 2T 



unsure 

(439) 



<221 



unsure 
(449) 



<220: 



unsure 

( 4 7 0; 



10 



WO 00/49156 PCT/USOO/04526 

■".'.jr. > 
2 1 I > unsure 



(527 ■ 



unsure 

(532) 



• - 2 1 ■ unsure 



unsure 

(539 } 



* ~ _ i ■ unsu re 



••' 2 2 C 
.- ■ i 



unsure 
{562? 



unsure 
(571; 



■■4 0 11 

cigg.ggttga ggagggaggc cgtgctgcgt gctggccgcg tgttgtcgcg ggcaatgctg 60 

f.rngttcg ggtrctactg gatccccg-g tccgatcgaa gcttccccaa tgccgaggat 120 

c^jctaaag atcactarga agaactggaa agaccagggg cgattqratc taarcaictg iHO 

t~a*:atgt:gg acattctrta tcatatgtca gcttcttctz cgactt"a: ::=taagaac 240 

t-:;,g:gtcca agrrgccgtt gatrggtctc ataagcaaat ctcttgggrg catttttctt 100 

cia:qagaac caaatgttca gatrcraaag gg^ctcaag- gctqtaactc aaagtcca:^ 36;) 

a^r.ccacaag gacgagaatc cctatatcta ncctttcctg aggntacact acaatggaat 420 

ur-ctccat tanacaganc ttctigcang gacatgcaac tgtatttggn aracctacag 480 

aga::atcca cctgggacca tgatgggacn caagttttrg cccccgnatt tnaantaana 540 

agcguccctt ctgaaanact cncaaaaaga ngttcaatca gcaaa 585 

- ■ 2 1 0 . ■ 12 
< 2 ■ : : ■ 19 4 
''3:2-- PRT 

<2i3> Triticum aestivum 



: 2 2 0 > 



UNSURE 
{120} 



< 2 2 ft > 

<23I> UNSURE 

<-222:- (23C; 

<■ 2 2 0 : ■ 

<22 1:^ UNSURE 

<222> (134) 



1 I 



WO 00/49156 



PCT/LS00/04526 



'22 i 



■ 220: 



UNSURE 
( 1 A O 



UN'SURE 



UNSURE 

(156; 



unsure 



■::-.'7) . . (178) . . (179; 



UNSURE 

(les; 



UK £ URL 



<4 0C:- 12 

Gin Gly Leu Arg Arg Glu Ala Val Leu Arc Ala Gly Arg Va; 
1 5 10 



Lea Ser 

i a. 



Arg Ala Met Leu Phe Val Phe Gly Phe Tyr Trp lie Pro Val Ser Asp 
20 25 30 



Arg Ser Phe Pro Asn Ala Glu Asp Val Pro Lys Asp His Tyr 
35 40 ' 45 



Glu Glu 



Leu Glu Arg Pro Gly Ala lie Val Ser Asn His Val Ser Tyr Val Asp 

50 55 60 

He Leu Tyr nxs Met Ser Ala Ser Ser Pro Ser Phe Val Ala Lys Asn 
£5 70 75 8C 

Ser Val Ser Lys Leu Pro Leu He Gly Leu He Ser Lys Cys Leu Gly 

S5 90 95 

Cys He Phe Val Gin Arg Glu Pro Asn Val Gin lie Leu Lvs Gly Leu 
100 105 lie 



12 
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/;s Cys Cys Asn ~ys 3er Met Xaa Ser Gin Gly Arg Giu Ser Leu Tyr 



PCT/LSOO/04526 



12C 



125 



Lea Xaa Phe Pro Giu Xaa Thr Leu Gin Trp Asp Tyr Ser Pre Leu Xaa 

I3C 135 140 

Arc Xaa Ser Cys Xaa Asp Met Gin Leu Tyr Leu Xaa Tyr Leu Gin Arc 



,eu _er Thr Trp Asp His Asp Giy Thr Gin Val Phe Ala ^ro Xaa Phe 
163 ' 170 1^5 



Xaa Xaa Xaa Arg Val Pro Ser Glu Xaa Leu Xaa Lys Arg Xaa Ser lie 



183 



185 



190 



_>er ^ys 



:io • 

"11 ■ 
.12 ■ 

:i3 ■ 



13 

15C1 
DNA 

AraciaoDS 



is thaliar^ 



•:4C0 13 

tcagr ggata 
aaat cat gt t 
:.cca * eggag 
ga tar. atgtg 
aaaa act t cc 
tgggaaagtt 
tgtagtagtc 
gaeget cat g 
tgtaitctat 
teat ;caatt 
cct a :icaac 
gacaagagt t 
ittcrtttcc 
tct taaactg 
ggt ccgatca 
ejetttttaag 
tattacaatt 
cgagatt cga 
tgact tgttg 
ggccccaaca 
aaa:ttgtct 
tagtaaaaag 
tccat ccitt 
ggtgt tt get 



a t gtggatta 
agaaggaaag 
tcttatattg 
tcacatgat t 
aatagattct 
t gcgatagat 
cttatttcct 
cggtatcccc 
tttagaatgt 
cccagtgaaa 
gcaacat ctt 
aaaguaactg 
gagt cgctat 
at gattcegg 
aaacctt gec 
atcactttca 
caaacatgeg 
caagaact eg 
ggaatgtacc 
t ectgettaa 
taacacagag 
ttgtggt ata 
aagggactgc 
t gagtgtt gg 
cctctagttc 



ct eggatctg 
ggaaacct gc 
aaccaatctt 
cacttccat t 
cacagacatc 
ttcct egtet 
t ccaactcgg 
atgtacattt 
tcact cagtt 
agcaaaagca 
tgaat gtcgt 
agttaaagct 
t ccat gtaag 
act cgagt gg 
crctttctaa 
aacagttctt 
agetagcett 
gagaagct ct 
atttgetaga 
gaagaaaccc 
agacaaaatg 
tt attatacc 
t atgttttta 
actataactg 
tgagcaaact 



taccagat gt 
teggagagag 
ctacttctat 
tgttggaact 
aaggaagaat 
gctgttatt c 
tgctttcat c 
tgat caatcc 
tcacaatttc 
gc r ^ctgtg 
ccaaacatcc 
ggagaacccc 
cagcttagag 
aegt gttagg 
aaggatat tt 
gtttgect eg 
ttcccattgc 
caaaaacaca 
cgacgaccaa 
tctt ctcata 
get ggctaag 
ttttgtttt g 
gectatatat 
cttgtcgttt 
ttget gtaaa 



atcct ctt ct 
att gctccga 
gaattat cac 
attat caggg 
get gt gcatg 
cccgaaggaa 
cct ggttacc 
tggggaaata 
at ggaggttg 
cgrctctcac 
catt cttt tg 
t caaattaca 
geaacgegat 
ctaca tgact 
gagttcat eg 
ggccacgt gt 
gatgeagatg 
atcccaaact 
gat caaagaa 
gecat ctttg 
atttgtggtg 
tcttcatatt 
ataccctcct 
tccaccccaa 
aaaaaaaaaa 



et t ttggcta 
1 1 gttgtat c 
cgaccattgt 
caat gcaggt 
aaa t aaagag 
ccacgactaa 
ctat tcaacc 
tct ctttgtt 
aatatcttcc 
agaagact ac 
eggacttgat 
tgat tgaaat 
tt t tggat ac 
t t ct teggeg 
at gt ggagaa 
t gacacagcc 
gagat ggcta 
tgaacaagga 
teagecaaaa 
cacct gactt 
cgat gattgt 
tga tttcagc 
ccaacatgga 
aaaacget at 
aaaaaaaaaa 



12 0 
lb 0 
i- ** '-j 
30 0 
360 
4 20 
4£0 
540 
600 

6 60 

7 2 0 

7&0 

8 m j 
90 0 
96 0 

1020 
108 0 
114 0 
1200 
12 60 
1320 
138 0 
1440 
150 0 
1501 



<210.-- 14 
<211-> 403 
<212:- PRT 

<213'- Arabidopsis thaliana 
<400,- 14 

Cys Arg lie Met Trp lie Thr Arg lie Cys Thr Arg Cys He Leu Phe 

15 10 15 



13 
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Ser Phe Giy Tyr o_n Trp lie Ara Arg Lys Giy Lys Pro Ala Arg Arg 

20 ~ 25 ' 30 

GIu lie Ala Pre lie Vai Val Ser Asn His Val Ser Tyr lie Glu Pre 

35 4 0 4 5 



lie Phe Tyr Phe Tyr Glu Leu Ser Pro Thr lie Val Ala Ser Glu Ser 
50 55 60 

His Asp Ser Leu Pro Fhe Vai Giy Thr lie lie Arg Ala Met Gin Val 

65 7 0 7 5 8 0 

lie Tyr Val Asn Arg Phe Ser Gin Thr Ser Arg Lys Asn Ala Val His 

85 90 95 

Glu He Lys Arg Lys Ala Ser Cys Asp Arg Phe Pro A.rg Leu Leu Leu 
100 ICS " 110 

Phe Pre Glu Giy Thr Thr Thr Asn Giy Lys Val Leu He Ser Phe Gin 
115 12 0 12 5 

Leu Giy Ala Phe lie Pro Giy Tyr Pre lie Gin Pro Val Vai Vai Arc 
130 135 140 

Tyr Pre Kis Val His Phe Asp Gin Ser Trp G^y Asn lie Ser Leu Leu 
145 150 155 160 

Thr Leu Me:. Phe Arg Me: Phe Thr Glr. Phe His Asn Phe Met Glu Val 
165 170 175 

Glu Tyr Leu Pre Vai He Tyr Pro Ser Glu Lys Gin Lys Gin Asn Ala 
ISO 16 5 190 

Val Arg Leu Ser Gin Lys Thr Ser His Ala II la Thr Ser Leu Asn 
195 200 205 

Val Val Gin Thr Ser His Ser Phe Ala Asp Leu Met Leu Leu Asn Lys 
^ - ±- + ^ 

Ala Thr Glu Leu Lys Leu Glu Asn Pro Ser Asn Tyr Met Val Glu Met 
225 230 235 240 

Ala Arg Vai Glu Ser Leu Phe His Vai Ser Ser Leu Glu Ala Thr Arg 
245 250 255 

Phe Leu Asp Thr Phe Val Ser Met He Pro Asp Ser Ser Giy Arg Val 

260 265 270 

Arg Leu His Asp Phe Leu Arg Giy Leu Lys Leu Lys Pro Cys Pro Leu 
275 280 285 

Ser Lys Arg He Phe Glu Phe He Asd Val Glu Lys Val Giy Ser He 
290 295 " 300 

Thr Phe Lys Gin Phe Leu Phe Ala Ser Giy His Val Leu Thr Gin Pro 
305 310 315 320 

Leu Phe Lys Gin Thr Cys Glu Leu Ala Phe Ser His Cys Asp Ala Asp 
325 330 335 
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31 y Asp Gly Tyr Tie Thr II- Gin Glu Leu Gly GIu Ala Leu Lys Asr. 

34 0 34 5 350 " 

Thr He F-rc Asr. Lej Asn Lvs Asp Glu He Arg Gly Met Tvr His L.eu 

~55 360 " * 365 

Leu Asp Asp Asp Gin Asp Gin Arg lie Ser Gin Asr. Asc Leu L,eu Ser 

~" 370 375 360 

lys Leu Arc Arg Asn Pre Leu Leu lie Ala lie Phe Ala Pre Asp Leu 

3^5 3?C 3 95 4 00 

Ala Pre Thr 



<210.- 15 

•Mil ■ 692 

•:1 12 ■ DNA 

L3.- Oryza sativa 

■:L'2C 

-.221 • unsure 

■:222 (44 6) 

■-■220 - 

■-22.1 unsure 

-122 ■ (579; 



22 0.' 



unsure 
(677) 



<4 0C> 15 
r.iciaacc z 
•:cqc-:tccct 
gecaugeggg 
geqa-ggegg 
gat caccgcg 
gggegraega 
t qL-cgggcr 
tccacgLGcq 
gcc:.ca: gt g 
at aacgagaa 
aqaaccatat 
aa t. ttcagca 



gect cctc ~ c 
ctccacgc^g 
gcac:araa: 
aggagggggg 
gggggtgtcc 
gctegrgagg 
ct.ee i^cqcg 
ggagcgggcg 
gatcacgeqq 
aggaaaaccg 
actctcatag 
t cagtant ag 



gcctcgcct c 

cue 

uacga cgacg 
gacccgttcg 
ccccc :gacc 
geget zgt gt 
grggggtacg 
gegcangagg 
attccgcgcg 
ccctagaaac 
ctt ccgacat 
ttaaaatccc 



cgccacccat 



acgacgagga 



cat teegcaa 
gcgcgccggt 
ccgccacgtg 
gcgccgggcc 



ttcactatnt 
cgttctcaaa 
aa 



ggctt ct cga 
gcccacgccc 
gt cgccaacg 
ggaggategg 
eggga cgccg 
ggcggcggcg 
ggtggcgctc 
catgccggcg 



ttctaaat ca 
tccat at cat 



aaccctagcc 
accaccaacq 
grgrgcggcg 
ccggcgt get 
gggtggtgcg 
aggcrggt gc 
cgcgggrggg 
tggccccgcc 
gatacattqg 
tgtt cat cat 
acat t r tgaa 



<2Ku- 16 

<:211> 17 4 

<21?> PRT 

v213:-- Oryza sativa 

<22 0> 

■:211> UNSURE 
<:222: (136) 

< 4 0 0 : 16 

Met Ala Ser Arg Asr. Pro Ser Pro Ala Ser Leu Ser Thr Pre Leu Leu 
15 10 15 



60 
120 
180 
24 0 
30 C 
360 
4 20 
480 
540 
600 
660 
692 
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Ser Asp Ser He Ser ?r: Thr Pro Thr Thr Asr. Gly His Ala Gly His 
20 25 3C 

His Asr: His Asp Asp Asp Asp Giu Glu Ser Pre Thr Val Cys Gly Gly 

: 5 4 0 4 5 

Asp Gly G-y Gly Gly Gly Asp Pro Phe Ala Phe Leu Ser G_u Asp Arq 

~~ ' 5 0 " 55 6 C 

Pro Ala Trp Trp Ser Pre Arg Gly Val Ser Pre Ala Asp Pre Phe Arg 

65 70 75 80 



Asn Gly Tnr Pro Gly Trp Cys Gly Ala Tyr Glu Leu Val Arg Ala Leu 



85 



9 0 



95 



V-il Cys Ala Pro Val Ala Ala Ala Arg Leu Val Leu Phe Gly Leu Se: 



10C 



105 



11C 



I : e Ala Val Gly Tyr Ala Ala Thr Trp Val Ala Leu Arg Gly Trp Val 

115 120 125 

Asp Val Arg Glu Arg Ala Ala Xaa Glu Gly Ala Gly Pro Met Pro Ala 

130 135 140 

Trp Arg Arg Arg Leu Met Trp He Thr Arg He Pro Arg Ala Ala Ser 

145 15C ' 155 160 

j-:r Ser Pro Ser Asp Thr Leu Asp Lys Glu Lys Gly Lys Pro 

165 17 0 



■10 



•:113 



4 80 
DMA 

Glycine max 



■.I'll.* unsure 



■-2 ;':(' 



unsure 

(195) 



unsure 
{28 4 ) 



<2:-o> 

*"2 21--- unsure 
--•22... (290) 



<220 



unsure 

(303) 



220-- 



unsure 

(362) 



16 



WO 00/49156 

<2 2 0 * 

<221 ■ unsure 



PCT/LS00/04526 



:22 I ■ unsure 



unsure 

(399, 



unsure 



:220.- 



unsure 
(426) 



:220 ■■ 



:0 • 



<2 2 0 .* 



unsure 

(426; 



unsure 
(432 ; 



unsure 
(454 ; 



unsure 

(475] 



< 4 0 C : • 17 

j-'^acqacga 

cqccqgcgat 

cactgcggct 

cact.qgcang 

gqatcacgcg 

g gnaagggaa 

cntaanagtg 

tqaaqncnca 



cgaggggct: c 
cgcgcrgttc 
gt ggnaggac 
cttgtgcgcc 
acct gcacca 
agcctannct 
anact ccata 



gtgccgccac 
tacgagtggg 
gggctctgcc 
aaggagaatc 
aaatgtattc 
aggggaaatt 
tcctatttct 
tccttttcrtt 



cgt ccaccct 
ccaagacggc 
tcgcggtggg 
ccatgcccaa 
tcttctcctt 
gctccaataa 
aagaatt ant 
gggnaccaat 



ggacccgttc 
get gtgcctg 
gtacgt ggcg 
gtggaggtgt 
tggntat can 
attgtatcta 
tcctaacaat 
taatagagca 



cgcaaccgca 60 

ccgctggcgg 12 j 

acgaaggtgg 180 

agggttatct 24 I 

tggataaaac 300 

aaccatgttt 360 

ggtgggaanc 420 

aatgnaagrc 480 



<2 1 Or- 
<2il> 
<212:- 
<213> 

< 2 2 0 > 
<221> 
<222> 



18 

107 

PRT 

Glycine max 



UNSURE 
(63) 



<Z20> 
<221> 
<222> 



UNSURE 
(65) 



17 



WO 00/49156 



UN'S 'J RE 

(96) 



PCT/L'SOO/04526 



unsurl 

2 2 (101) 
:4)0 IB 

Asp Asp Asp Asp ?he Ser Val Pro Pro Pro Ser Thr Leu Asp Pro ?he 
1 5 1C 15 

Arg Asri Arg Thr Pro Ala lie Glu Gly Leu Tyr Glu Trp Ala Lys Thr 

20 25 30 

A- a Leu Cys Leu Pro Leu Ala Aia Leu Arg Leu Ala Leu Phe Giy Leu 
35 40 45 

::_/s Leu Ala Val Giy Tyr Val Ala Thr Lys Val Aia Leu Ala Xaa Trp 
50 55 60 

/...■■a Asp Lys Glu Asr. Pro Met Pro Lys Trp Arc Cys Arc Val Met Trp 
■i-i 7 0 ~ 75 8 0 

: .. i Thr Arc Leu Cys Ala Lys Cys lie Leu Phe Ser Phe Giy Tyr Xaa 
65 ' 90 " 95 

: rp He Lys Arg Xaa Gly Lys Pro Ala Pre Arg 
100 105 

•-210 IS 
■-111 • 784 
■'ill DNA 
:i-L Orvza sativa 



;L20 



i 5 ( 0 



unsure 
(646) 



unsure 

(670; 



unsure 

(719; 



unsure 

(758) 



<400^ 19 

cttctcgtcg ccggtggatt cgccgccgcc tccgccgccg ccgccggagg aggaggacga 60 

ggagagggcg ctccctcggg ggtgagcatc cagccacctc ggcccgttgc ctcctcttcg 120 

ca:c:cggcc ccgeqagatt ggaagtgagg gcagggcagg gcggcagggg ecarggeggt 18C 

ccoactcgtg ctegtegtgo tcccgctcgg cctcctcttc ctcctctccg gect. oaaege 240 

18 
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;atccaggcc gtcctgtt:c tctcgaraag gccgttctcg 

:aacaggttc ttgqccgacc tgctgtggct tcagctggr.c 

aggagrtaag atacaact^c atgcrgatga cgaaacttac 

:gcacttgtc atatcaaai; ateggagcga tatcgattgg 

:a:agcgctc aaggatgc:: tgggaagtac acttgctgtt 

:r;c:aatta rtggcctggr. rra:gt:gt: tgcagaatac 

gggcaaagga rgaaaagaca rtcaaatggg ggcc:ccaaa 

zaTt'gggcn acccttttrg rttaaggacc cccttaccca 

ggagtatctg ttcacaggr.t tgcaacacca agaaatgnat 



PCT/US00/04526 



aagagcttgt 
t ggcttigtigg 
aaggcaat go 
cttattgggt 
argaagaaac 
cccttt^tgc 
ggt rgaanga 
acaaaactcc 
gat cacgt ca 



3CC 
360 



accggcgga 
attggrggo 
ggaargagca 4 2 u 
ggattttgga 4 50 
a:ccaaar.2 5 4 0 
gaaaagc^: 6 0 .1 
cttccccaca 66C 
aacaact:aa 72C 
aagggattgt 760 
76 4 



<2 10 ■ 


20 


■'211 ■■ 


146 


■-'212 ■ 


PRT 


•:213 ■ 


Oryza sativa 


<220. 






UNSURE 


<:.22 ■ 


(130) 


<m00 • 


20 


M-". t. A 


la Val Pro Leu 


1 





Leu Gly Leu Leu Phf: 
15 



L- u Leu Ser Gly Leu Asr. Ala lie Gin Ala Val 
20 25 



Leu Phe Leu Ser He 
30 



A:q Pre Phe Ser Lys Ser Leu Tvr Arg Arc He 
35 40 



Asn Arg Phe Leu Ala 
45 



Glu Leu Leu Trp Leu Gin Leu Val Trp Leu Val 

5G 55 



Asp Trp Ttd Ala Glv 
60 



Val Lys He Gin Leu His Ala Asp A. - Hu Thr 
t\ c 70 ' 75 



Tyr Lys Ala Met Gly 

80 



Am 01 u Has Ala Leu Val He Ser Asn His Arg 

9C 



Ser Asp' He Asp Trp 

95 



Leu He Gly Trp He 
10 0 



Gly Thr Ala Leu Lys 
105 



Asp Ala Leu Gly Sei 
110 



Thr Leu Ala Val Met Lvs Lvs His Pro Lys Ser 
115 " 12C 



Phe Gin Leu Leu Gly 
125 



Trp Xaa Met Leu Pne Ala Glu Tyr Pro Phe Leu 
:3C 135 



Gly Lys Gly Leu Gly 
14C 



Lys Gly 
14 5 



<2 3 0- 
<111.> 
<2 12:- 
<223: 



21 

584 

DNA 

Gl ycine 



<:: :o 

<221 
<222 



unsure 
(17) . . (18) 



19 



WO 00/49156 



PCT/US00/0452t> 



221 • unsure 

22^ ■ ! 33 ! 



( J" i . . \ 2 ? ; 



(519) 



unsure 
(543) 



unsure 
(546j 



•:2LU 



unsure 
(575; 



•:40C:- 21 

-ctttc:tga cctgacnncg ggtttttttt ttnggggnnc 

^rctg:tct gctcctttqg gcctgggctg ggctgggctg 

"tgcagcagc ggccgtgg^g gtaccattgg gcctgctctt 

*.tiac:t.c:cat tcaggcaat- tgctatgtcg rcgtaaggcc 

:aacgatcaa ccgggtagta gcagagctct tgtggctgga 

gq-gcgragg agttaaqc:: caaaiattca cagatcatga 

aagaccatgc acrrgtgata agcaatcaca gaactgatat 

r.ttcagrtca ccgttcaggt tgtcttggca gcacrctaag 

aagtitctgc cggtcattgg ctggrcaatg tag *--tcnc 

aanttngg-c aaagatgaaa gcccattaaa gtcangcatc 



acggt gtttc 
ggctgggctg 
ct t cgcct cc 
gatgtcgaaa 
gcrtgt atgg 
aacctttcgt 
tgatrggctt 
ctgtgatgaa 
agtaacctit 
ccgg 



gttgcgttgt 
ggcatggct a 
ggcctcct t g 
agttt gtaca 
cttattgatt 
ttaat gggt a 
grtggatggg 
gaaat ctt ca 
tctggagaag 



60 
120 
ISO 
24 0 
30 0 

3 60 

4 20 
480 
540 
5fe4 



11 6 

Glycine max 



• 40( :• 22 

Met Ala lie Ala Ala Ala Ala Val Val Val Pro 
15 10 



Leu Gly Leu Leu Phe 



Phe Ala Ser Gly Leu Leu Val Asn Leu lie Gin 
20 25 

Val Val Arg Pro Val Ser Lys Ser Leu Tyr Arg 
55 40 



Ala lie Cys Tyr Val 
30 

Arg lie Asn Arg Val 
45 



Val Ala Glu Leu Leu Trp Leu Glu Leu Val Trp 
50 * 55 



Leu lie Asp Trp Trp 
60 



Ala Gly Val Lys Val Gin lie Phe Thr Asd His 
65 70 " 75 



Glu Thr Phe Arg Leu 
h r, 



Met Gly Lys Glu His Ala Leu Val lie Ser Asn 
85 90 



His Arg Ser Asp lie 

95 



20 
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100 



105 



110 



Leu ber 



:2c 
J2i 



DNA 

Tritic urn aestivur 



unsure 

f51C} 



J 2 i. ■ unsure 

:22 ;si6} 



unsure 



■' 4 U C 
















gaga gga 


ga c 


gcggcggcgg 


ccat ggcgat 


t cccct cgt g 


ctcgt cctgc 


t cccgct egg 


6C 


C'JtCCtC 


tt c 


ctcctctccg 


gcct cgt cat 


caacact gt c 


caggccgtat 


tgtt ct tgac 


120 






ttctcgaagc 


gat tgt accg 


gcagatcaac 


gtatt cct gg 


ccgagttgtt 


180 






ctgatctggr 


ttgt ggactg 


gt gggcaggt 


attaaggt ac 


aggtgt at gc 


24 0 


agat :ca 


ga a 


act tggaaac 


t aat gggcaa 


agagcacgcc 


ctt ctcatat 


ccaatcatcg 


300 


aagt jac 


att 


gat t ggctgg 


t tggatggat 


tttagcacag 


cgttcaggat 


gtcttggaag 


360 


~gca -j t a 


get 


at aatgaaga 


aatcctcaaa 


gtt cct tcca 


gtt attggtt 


ggtccatgt g 


4 20 


g: ttgca gaa 


tact cttttg 


gagagaactg 


gcaaagga t g 


aaaaacact a 


aategggtet 


480 


caaggtg 


aaa 


act ccagat a 


ttggct gccr. 


t t tgtnangg 


tcaaattact 


cacaaacttt 


540 


a l- a g t a a 


ga a 


at cat ccaag 


ggt t gcacgc 








57 0 




2 4 














<211 :• 


160 














- o ■* - 
* . 4 L Z. - * 


FRT 














■:213> 


Tr it 


icuin aestivur:. 











< 4 0 0 > 2 4 

Met Ala He Pro Leu Val Leu Val Leu Leu Pro Leu Gly Leu Leu Phe 
1 5 10 15 

Leu Leu Ser Gly Leu Val Val Asn Thr Val Gin Ala Val Leu Phe Leu 
20 25 30 

Thr lie Arg Pro Phe Ser Lys Arg Leu Tyr Arg Gin He Asn Val Phe 
35 40 45 

Leu Ala Glu Leu Leu Trp Leu Gin Leu He Trp Leu Val Asp Trp Trp 



50 



55 



60 



Ala Gly lie Lys Val Gin Val Tyr Ala Asp Pro Glu Thr Trp Lys Leu 



65 



75 



Met Gly Lys Glu His Ala Leu Leu He Ser Asn His Arg Ser Asp He 
65 90 95 
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Asp Trp Leu Val Gly Trp lie Leu Ala Gin Arg Ser Giy Cvs Leu Giv 
IOC 125 iio 

Ser Ala He Ala lie Met Lys Lys Ser Ser Lys Phe Leu Pre Val He 



Gly Trp S« 
i 3 C 



Met Tr;: 



Phe Aia 
135 



Arg Met Lys Asn Thr Lys Ser 



Giu Tyr Ser Phe Gly Glu Asn Trp Gin 
140 

Giy Leu Lys Val Lvs Thr Pro Asc lie 

155 ' 16C 



- X <J ■ * 

. i i 



una 

Cataipa speciosa 



■-40O 25 
acaccagacg 
•:tcaccccaa 
t ccgcctgcg 
: tqat gact c 

* aag :graa: 

■ :at :: tgcag 
"cage at g 
*ttt ]gaaca 
tatt: -agag 
agga regt ga 

agggt gca 1 1 
t tgtggatg: 
t gaeazectg 
ggga aaca-:c 
t taagaag gt 
agcgaaag:a 
u 2 g a t a a a t a 
t caaaatt :a 
a aatt sett t 
aaaaaaaaaa 



ctaaaggaca 
tat cgaagac 
tgatttgetc 
ct t cacgaga 
tectttgt gg 
agtgtt gaca 
aaaagggcat 
tttttttgt t 
gectaagcag 
aatgactgea 
cactattttg 
aat tgt tgea 
at t cccggaa 
tgaacttgga 
cttctggaac 
ggctgttgtc 
aat t gaatt t 
geegt ggga t 
acaaagctt c 
att t tgtt a t 



gataegteg* 
aaaaaaa 



atgagcaagc 
tar cttccar 
gatattt cac 
tgett caagt 
tgst t aggag 
ataggat gga 
gacaaat tga 
gcatcat gga 
gtttttgtgg 
ttt gcagt ga 
gagagtctag 
aaaaagctaa 
ggaacat gt g 
tgcactgtct 
agcagaaagc 
tct gatgttt 
gctgagaggg 
ggata t tt ga 
gcagagt sag 
tta ct gt ct t 
tcactataaa 
tgaagaggaa 



taaaaacatc 
ceggat ccat 
caactctaac 
caaatccccc 
ttct t gt cag 
ttatat t tct 
gaaaaaaatt 
ctggggttgt 
ctaatcacac 
ttatgcagaa 
gatgtatctg 
gagat catgt 
tgaataacca 
gtccaatcgc 
aat ccttt a s 
ggtacctgg . 
t gaggggcat 
agt actct eg 
ttct ccat ca 
sa a 1 1 1 gt t a 
gaggattt ca 
aatacaatat 



cagctccgaa 
t caagagect 
t gaggcagct 
agaaccct gg 
at a tegt ct t 
cicatgctat 
acacagacgt 
caagt a ccat 
atccatgatt 
gcat cctggg 
gt teaacegg 
ccatggcgct 
ctacactgtg 
aat caagt at 
aatgeact t g 
tctcaaaat 
tatttctgt t 
ccccagcc ca 
cct ggaagag 
gat caagt 1 1 
gtt cctcaat 
gaagt gt t ga 



ttggat ttgg 
cacggcaagc 
ggtgccat t g 
aact ggaaca 
cttttcccct 
ttccct gtgc 
ctagt ggagt 
ggt ccgcggc 
gat t t cattg 
t gggtagga c 
t cagagtcca 
gat aat aat c 
at gtt taaga 
aacaagattt 
tt gcagctta 
ctaaaacctg 
cgagcaggcc 
aagcat cgtg 
aaatagatt g 
gt tagctgt t 
t gacataat g 
aaaaaaaaaa 



60 
120 
130 
240 
30C 
360 
4 3 0 
4 :S0 
540 
60 0 
660 
720 
73C 
8-10 
900 
960 
1020 
108 0 
1140 
1200 
1260 
1320 
1337 



:210- 
;2 1 1 : . 

.212 - 
:213.- 



26 

371 

PRT 

Catalpa speciosa 



<400:- 26 

Met Ser Lys Leu Lys Thr Ser Ser Ser Glu Leu Asp Leu Asp His Pro 
1 5 10 15 

Asn He Glu Asp Tyr Leu Pro Ser Gly Ser He Gin Glu Pro His Gly 
20 25 30 

Lys Leu Arg Leu Arg Asp Leu Leu Asp He Ser Pro Thr Leu Thr Glu 
35 40 45 

Ala A- a Giy Ala He Val Asp Asp Ser Phe Thr Arg Cys Phe Lys Ser 



55 



60 



22 
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Asn Pro Pre Glu Pre Trp Asr. Trp Asr, lie Tyr Leu Phe Pre Leu Trp 

65 70 75 SG 

Cys Leu Gly Val Val Val Arg Tyr Giy Leu Leu Phe Pre Leu Arg Vai 

6 5 90 95 

z ^ Val Leu Thr He Glv Trc lie He Phe Leu Ser Cvs Tyr Phe D rc 

100 105 



^ i ^ 



VH His Phe Leu Leu Lys Gly His Asp Lys Leu Arg Lys Lvs Leu Giu 
->---' - ^ ^ i^i: 

Arg Giy Leu Val Glu Leu Met Cys Ser Phe Phe Val Ala Ser Trp Thr 
13C 13b 14 0 

Gly Val Val Lys Tyr His Glv Pro Arg Pro Ser Met Ara Pro Lys Gl^ 
145 150 155 " 160 

Val Phe Val Ala Asn His Thr Ser Met He Asp Phe lie Val Leu Giu 

165 170 175 

Gin Met Thr Ala Phe Ala Val He Met Gin Lys His Pre Giy Trp Val 
180 185 190 ~ 

Giy Leu Leu Glr. Ser Thr lie Leu Glu Ser Leu Gly Cys He Trp Phe 
-55 200 205 

Asr. Arg Ser Glu Ser Lys Asp Arg Giu He Val Ala Lys Lys Leu Arg 
210 215 220 

Asp His Val His Giy Ala Asp Asn Asn Pro Leu Leu lie Pr.e Pro Giu 
225 23C 235 240 

Giy Thr Cys Val Asn Asn Kis Tyr Thr Val Met PL " ys Lvs Gly Ala 
245 250 ' 255 

Phe Giu Leu Giy Cys Thr Val Cys Pro He Ala lie Lvs Tyr Asn Lvs 

260 265 " 27C 

He Phe Val Asp Ala Phe Trp Asn Ser Arg Lys Gin Ser Pne Tnr Mer 
215 280 285 

Kis Leu Leu Gin Leu Met Thr Ser Trp Ala Val Val Cys Asp Val Trp 
290 295 300 

Tyr Leu Glu Pro Gin Asn Leu Lys Pro Gly Glu Thr Pro He Glu Phe 
305 310 315 320 

Ala Glu Arg Val Arg Gly He He Ser Val Arg Ala Gly Leu Lys Lys 
325 330 335 

Val Pro Trp Asp Gly Tyr Leu Lys Tyr Ser Arg Pro Ser Pro Lys His 
340 345 350 

Arg Glu Arg Lys Gin Gin Ser Phe Ala Glu Ser Val Leu His His Leu 
355 36C 365 

Giu Glu Lys 

370 
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-.hi 



2 1 2 > DNA 
213> Zea rr.avj 
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4 or 





t cgcggacct 


ttcctcggcg 


y eg ^cgeca 


ct eat eggeg 


ccgggcgtgc 


t 0 


ggceggtgec 


cgaagccc 1 1 


aggegatgge 


gacct cgt ct 


gt ggeggegg 


acat ggagct 


1.: 0 


ggaccggc ca 


aacctggagg 


ac:acctccc 


gcccgact eg 


ct cccgcagg 


aggcgccccg 




Qdat CI CCdT 


ct gcgcgat c 


t get ggacat 


ct cgccggt g 


ct eaccgagg 


cagegggt gc 


240 


cattgtcqat 


gactccttca 


caeggt gctt 


taagt caaat 


t ct ceagagc 


catggaatt g 


3 0 0 


caacatat at 


ct gttcccct 


tat ggtgct t 


tggtgtagta 


at aagatatg 


gat tact ct • 


3 60 


'cca ct gagg 


r ccttaacgc 


ttgeaatagg 


atggttagca 


ttttttgctg 


cettttttcc 


420 


t gt ccstttc 


c t aitgaaac 


gt caagacaa 


gttgagaagt 


aaaattgaga 


ggaagt tggt 


4 H 0 


t gaa a t ga t g 


rgcagrgttt 


ttgttgcttc 


atggact gga 


gtt atcaagr 


at cat ggacc 


540 


acccccaagc 


aca cgacc t c 


at caggtatt 


cgttgcaaac 


cat acatcga 


tgat agattt 


60 0 


cattattctg 


gagcaaat ga 


cagcatttgc 


tgtcatcatg 


cagaagca t c 


ct ggatgggt 


briO 


tggaitta*:!: 


cagaacac: a 


tct tggaaag 


tgt cggttgc 


atct ggttta 


at cgtaatga 


720 


t -tccgggac 


cgtgaagtta 


eggcaeggaa 


gttacgtgat 


cat gtt caac 


aaccagacaa 


78 0 


caatcctctg 


tcgarttttc 


eggaaggaac 


ttgtgtgaac 


aaccag t a e 3 


cget ca tgtt 


84 0 


eaagaaggqt 


gcctttgagc 


ttggctgcgc 


tgtatgtcca 


at agct at ca 


agtacaataa 


90 0 


aatatttgr.t 


catgcctttt 


ggaacagtaa 


gaagcaat ct 


tt tacaat g e 


actt ggtccg 


9h0 


gctgargaca 


tcatgggctg 


tt gtgtgtga 


tgt tt ggtac 


ttacct eet c 


aa ta t ctgag 


102 0 


:gagggagac 


ac geeaattg 


cat tt get ga 


gagagtaagg 


gacat gatag 


ctgetagage 


10c j 


*- ggai:taaag 


a a get t cctt 


gggat ggcta 


t etgaaacac 


aaccgtccta 


gt cecaaaca 


i : 4 


cact gaagag 


aaacaacgea 


tattt geega 


at ctgtctt g 


atgagactgg 


aggagaaat g 


12 00 


a agggacgt a 


aagecgraca 


agtgcactt c 


gt tagggttt 


tacatgeage 


taccttgtaa 


12 60 


icccattggc 


tt ccagaaaa 


aaaaaagt ga 


gect gggaca 


cgtcaagt ga 


ccacct cagt 


1320 


t tt gitgtaa 


a:: tgrtact 


agttt gat ag 


gattattagt 


atgtact tat 


caggaaaaga 


1380 


a:tct:cag:a 


tgtgt tttgg 


ctgeceatt c 


aatgataggt 


cagt ga t t aa 


caccgaagca 


1440 


t tgt get ct e 


ctgagatger 


gt gtt ggt ct 


t aat a tat t g 


aeggt act gt 


accatggt 1 1 


15 00 


aaatgtgar t 


attgaagcaa 


tgtgaatgga 


ttagctggct 


aagaaaaaaa 


aaaaaaaaaa 


15 60 


aaaaaaaaaa 


aaaaaaaaaa 


ag 








15E2 



■:210: 



> 1 - 



2£ 

371 

PRT 

Z e a ma 



•~4C; • 2 5 

Met Ala Thr Ser Ser Val Ala Ala Asp Met Glu leu Asp Are Pro As?, 
1 ^ 10 is 



Leu Glu Asp Tyr Leu Pro Pre Asp Ser Leu Pre Gin 
20 25 



31 u Ala Pre Arg 
30 



Asn Leu His Leu Arg A.sp Leu Leu Asp He Ser Pro Val Leu Thr Gli 



40 



4 5 



Ala Ala Gly Ala He Val Asp Asp Ser Phe Thr Arg Cys Phe Lys Ser 



50 



55 



60 



Asn Ser Pro Glu Pro Trp Asn Trp Asn He Tyr Leu Phe Pro Leu Trp 



7C 



75 



Cys fhe Gly Val Val lie Arg Tyr Gly Leu Leu Phe Pro Leu Ar : 



90 



95 



Leu Thr Leu Ala lie Gly Trp Leu Ala Phe Phe Ala Ala Phe Phe 



1 00 



80 



Ser 



Pro 



105 



11 ! 



24 
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Val His 



Phe Leu Leu Lys Gly Gin Asp Lys Leu Ar 



Ser Lvs lie Glu 



Lys 



Leu Val Glu Met Met Cys Ser 



Phe 



Ala Ser Trc Thr 



135 



Giy Val lie Lys Tyr Has Gly Pro Arg Pre Ser Thr Arg Pro His Gin 
145 150 155 " 160 

Val Phe Val Ala Asn His Thr Ser Met lie Asp Phe lie lie Leu Glu 
165 17C " 175 

Gin Met Thr Ala Phe Ala Val lie Met Gin Lys His Pro Gly Tro Val 
18C 185 190 

Gly Phe lie Gin Lys Thr lie Leu Glu Ser Val Gly Cys lie Trp Phe 
195 200 205 

Asn Arg Asn Asp Leu Arg Asp Arg Glu Val Thr Ala Ara Lys Leu Ara 
210 215 220 

Asp His Val Gin Gin Pro Asp Asn Asn Pro Leu Leu lie Phe Pre Glu 
225 230 235 240 

Gly Thr Cys Val Asn Asn Gin Tyr Thr Val Met Phe Lys Lys Gly Ala 
245 250 ^ 255 

Phe Glu Leu Giy Cys Ala Val Cys Pro lie Ala lie Lys Tyr Asn Lys 
260 265 270 

He Phe Val Asp Ala Phe Trp Asn Ser Lys Lvs Gin Ser Phe Thr Met 
275 280 " 285 

His Leu Val Arg Leu Met Thr Ser Trc Ala Val Val Cys Asp Val Trc 
290 295 ~ 300 

Tyr Leu Pre Pre Gin Tyr Leu Arc Glu Gly Glu Thr Ala lie Ala Pne 
305 310 315 320 

Ala Glu Arg Val. Arg Asp Met He Ala Ala Arg Ala Gly Leu Lys Lys 
325 330 335 

Val Pro Trp Asp Gly Tyr Leu Lys His Asn Arg Pro Ser Pro Lys His 
340 345 " 350 

Thr Glu Glu Lys Gin Arg He Phe Ala Glu Ser Val Leu Met Arg Leu 
355 360 365 

Glu Glu Lys 
370 

<210> 29 

<211> 1422 

<212> DNA 

<213> Oryza sativa 

<400> 29 

gcacgagatc actgegaaga tttcctcggc ggeggeggag gggatcgacg gaggggggga 60 
tggcgacctc gtcggtggcg ggggacatcg agctggaccg gccgaacctg gaggactacc 120 



25 
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tcccarccga 


ctcgctgccg 


caggagttcc 


acatctcgcc 


ggtgctcact 


gaaccaacgc 


j cttidagt c 


aaattct c c a 


gagccargga 


:cr.rgggac: 


agtgataaga 


t a cggaa t ac 




agcattcttt 


gc:gcctirt 


.a. ga ~ gagaa g 


taaaaiagag 


acaaagctgo 


Lt ucactgc 


agtaatcaag 


ta t cat gggc 


i ig'tgcaaa 


ccaiacaicg 


ataataqat t 


"gtcattat 


gcaaaagcai: 


cct gga t ggg 


gcgttggttg 


catctggttt 


aa t cgcaat g 


agttacgaga 


tcatgttcaa 


cat ccagaca 


rr tat:at::a5 


caa^cagtac 


actgt catat 


:tgtatgccc 


aatagct at c 


aaatacaata 


agaagcaatc 


gtttacaat g 


cactt ggt t a 


a^gtatggt a 


ct t ggagcct 


ca gt a t c t ga 


aaagagt aag 


agacatgat a 


gctgctagag 


a t crgaaaca 


caaccgccct 


agt cccaaac 


a t r_ cj t: cr 1 1 






'.gctgagtcc 


aggt tactaa 


t gtcctagtg 


':accactqc£ 


attt t gt t gt 




gtattagcca 


agat tttatg 


atTLcrgttaga 


tgstLgoatta 


atacttaccc 


tcaaaaaaaa 


•:21G> 30 
























•:213> Oryz 


a sativa 
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ccaggaatct ccatctgcgc gatctgctgg 180 
gcgccatcgt cgargattca ttcacacgtt 240 
attggaacat ttatttattc ccai:grgat 300 
tattcccgct caggggccta actcttctag 360 
ttcctgtaca tttcttattg aaag"* caaa A 2V 
ttgaaatgat gtgcagtgtt tttgttgci: -IS'.) 
•crcgcccaag cacacggcct catcagatat 540 
tcattattcL ggagcagatg acagcatttg 600 
ttggatttat tcagaagact atcttggaaa 660 
atctcaagga tcgtgaagtg gttgcaaaaa "720 
gcaatcctct cctgattttc cctgaaggaa 780 
tcaagaaggg tgcttttgag cttggctgtg 840 
aaatatttgt tgatgccttc tggaatagta 900 
ggcttatgac atcatgggca gttgtgtgtg 960 
gggatggaga aacagcaatt gaatttgctg 1020 
ctggtcttaa gaaggttccg tgggacgggt 1080 
acactgaaga gaagcagcgc atctttgctg 1140 
aaacagatat caatcaactc tggtgctcat 1200 
tgtatctggg tctctggagt atgtggaaat 1260 
cagctrgaca gaatcaacat ttaatagcct 1320 
gttaacacac aaatattata cc::cccaaa 1380 
aaaaaaaaaa ac 1422 



<4CC> 30 

Met Ala Thr Ser Ser Val Ala Gly Asp lie Glu Leu Asd Arg Pro Asn 
1 5 10 ' 15 

Leu Glu Asp Tyr Leu Pro Ser Asd Ser Leu Pre Gin Glu Phe Pre Arc 
20 "25 30 

Acr. Leu His Leu Arg Asp Leu Leu Asp lie Ser Pre Val Leu Thr Glu 
35 40 45 

Ala Ala Gly Ala lie Val Asp Asp Ser Phe Thr Arg Cys Phe Lys Ser 
50 55 60 

Asn Ser Pro Glu Pro Trp Asn Trp Asn lie Tyr Leu Phe Pro Leu Trp 

65 70 75 SO 

Cys Leu Gly Val Val lie Arg Tyr Gly lie Leu Phe Pro Leu Arg Gly 
85 90 95 

Leu Thr Leu Leu Val Gly Trp Leu Ala Phe Phe Ala Ala Phe Phe Pro 
100 105 110 

Val His Phe Leu Leu Lys Gly Gin Lys Met Arg Ser Lys He Glu Arg 
115 120 125 

Lys Leu Val Glu Met Met Cys Ser Val Phe Val Ala Ser Trp Thr Gly 
130 135 140 

Val He Lys Tyr His Gly Pro Ara Pro Ser Thr Arg Pro His Gin Val 
145 1^0 155 160 
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Phe Val Ala Asn His Thr Ser Met lie Asp Phe lie He Leu Glu Gin 

165 170 175 

Met Thr Ala Phe Ala Va_ He Met Gin L-ys His Pro Gly Trp Val Gly 

180 155 19 o 

Phe Zle Gin Lys Thr He Leu Glu Ser Val Gly Cys He Trp Phe As- 
195 200 205 

Arg Asn Asp Leu Lys Asp Arc Glu Val Val Ala Lys Lys Leu Arg Ast: 
210 215 220 

His Val Gin His Pre Asp Ser Asn Pro Leu Leu He Phe Pro Glu Gly 
-25 230 235 240 

Thr Cys Val Asn Asn Glr. Tyr Thr Val Met Phe Lys Lys Gly Ala Phe 
245 250 255 

Glu Leu Gly Cys Ala Val Cys Pre He Ala He Lys Tyr Asn Lys He 
26C 265 27C 

Phe Val Asp Ala Phe Trp Asn Ser Lys Lys Gin Ser Phe Thr Met His 

2 7 5 2 8 C 2 2 5 

Leu Val Arg Leu Met Thr Ser Tro Ala Val Val Cys Asd Val Tro Ty^ 
290 295 300 

Leu Glu Pre Gin Tyr Leu Arg Asp Gly Glu Thr Ala lie Glu Phe Ala 
305 310 315 320 

Glu Arg Val Arg Asp Met He Ala Ala Arg Ala Gly Leu Lys Lys Val 
325 330 335 

Pre Trp Asp Gly Tyr Leu Lys His Asn Arg Pro Ser Pro Lys His .nr 

34 c 345 3 5 C 

Glu Glu Lys Gin Arg He Phe Ala Asp Ser Val Leu Arq Arg Leu Glu 

3 — 360 365 

Glu Ser 
370 

<210> 31 

<21i> 1392 

<212> DNA 

<213> Sorghum 

<400> 31 

goacgageca ggaatctcca tetgegegat ctgettgaca tctcgccggt gctaaccgag 60 

geagegggtg ccatagtcga tgattc^ttc acgcgctgct ttaagtcgaa ttctccagaa 120 

ccatggaact ggaacatata tttgttccct ttatggtgct tcggtgtagt aattcgatat 180 

ggattactct tcccactgac gtccttaacg ettgeaatag gatggttagc attttttget 240 

gcctttttcc ccgtgcattt cctattgaaa ggtcaagaca agttgagaaa taaaattcaa 300 

aggaagttgg ttgaaatgat gtgcagtgtt tttgttgctt catggactgg agtgatcaag 360 

taccatggac cacgcccaac cacacgacct catcaggtat ttgttgcaaa ccatacatca 420 

atgatagatt tcattattct ggagcaaatc acagcatttg ctgtcatcat gcagaageat 480 

cctggatggg ttggatttat tcagaagact atcttggaaa gtgtgggttg catctggttt 540 

aacegtaatg atetceggga tcgtgaagtt aeggcaegga agttgcgtga tcatgttsaa 600 

catccagaca aaaaccctct cttgattttc ccagaaggaa cttgtgttaa caaccagtat 660 

aeggtcatgt tcaagaaggg tgectttgag cttgggtgtg ctgtctgtcc aatagctatc 720 
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aaatacaata aaatatttgt tgatgccttt tggaacagta agaagcaatc ttttacgatg 780 

cacttggicc gcttgatgac atcaigggct grtgtgtgtg atigtirggta cttggagcc: 840 

caatatctga gggagggaga gactigcaatt gcgtttgctg agagagtaag gcacaigaia 900 

g.:agctagag ctggtcttaa gaaggtcccg cgggarggct atctgaaaca caaccgccct 960 

agtcccaaac acaccgaaca gaagcaacgc atattcgccg aatc'c'; c:: gacgacac' a 1C2C 

gaggagaaat gaagagaca; caaacactac aagcgcattt gg"agtgg- ttaccgttca I0S0 

gct_a:cttgt aattcggttg gctccccgaa aaaaaaaagt ccgggacacg tcaagtgccc 1140 

age: :agttt rgttgtaaat :tattagaaa rttgacagaa ttggtagtgt: gaacttacca 1200 

agaaaggaag aatagecgea rgtgttgtgg ctgttcattc latgattggt taggaattga 1260 

cacttgaaac aeggtact:: artcagaggc tgtgtccgta cttatgaatc gacgargtaa 132C 

rggrniaar tcatgtgatt a:tgattcaa taatatgagt agattaaaaa aaaaaaaaaa 1380 

aaaaaaaaaaaa 1392 

•;21C* 32 

<211 ■ 343 

<212> PRT 

*:213:- Scrghuiri 

<400> 32 

Ala Arg Ala Arg Asn Leu His Leu Arg Asp Le'j Leu Asp lie Ser Pro 
1 5 1C 15 

Val Leu Thr Glu Ala Ala Gly Ala He Val Aso Asr Ser Phe Thr Ara 
20 25 * " 30 

Cys Phe Lys Ser Asn Ser Pro Glu Pre Trp Asn Trp Asn lie Tyr Leu 
35 40 45 

Phe Pre Leu Trp Cys Phe Gly Val Val lie Arq Tyr Gly Leu Leu Phe 
50 55 " 60 

Pro Leu Arg Ser Leu Thr Leu Ala He Gly Trp Leu Ala Phe Phe Ala 

65 70 75 ^0 

Ala Phe ?he Pre Val His Phe Leu Leu Lys Gly Gin Asp Lys Leu Ara 
85 90 95 

Asn Lys lie Glu Arg Lys Leu Val Glu Met Met Cvs Ser Val Phe Val 
100 105 " 110 

Ala Ser Trp Thr Gly Val lie Lys Tyr His Gly Pro Arg Pre Ser Thr 
115 120 125 

Arg Fro His Gin Val Phe Val Ala Asn His Thr Ser Met lie Asp Phe 
130 135 140 

He He Leu Glu Gin Met Thr Ala Phe Ala Val lie Met Gin Lys His 
145 15C 155 160 

Pro Gly Trp Val Gly Phe He Gin Lys Thr lie Leu Glu Ser Val Gly 
165 170 175 

Cys lie Trp Phe Asn Arg Asn Asp Leu Arg Asp Arg Glu Val Thr Ala 
180 185 190 

Arg Lys Leu Arg Asp His Val Gin His Pro A.sp Lys Asn Pro Leu Leu 
195 20C 205 

He Phe Pre Glu Gly Thr Cys Val Asn Asn Gin Tyr Thr Val Met Phe 
210 215 220 
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Lys Lys Gly Ala Fhe Glu Leu Gly Cys Ala Val Cys Fro He Ala He 
2 25 2 30 " 2 35 24 0 

lys Tyr Asr. Lys He Pne Val Asp Ala Phe Trp Asr. Ser Lvs Lvs Glr. 

24 5 250 "25 5 

3er Fhe Thr Met Kis Leu Val Arg Leu Met Thr Ser Tro Ala Val Val 
260 265 * 270 

Cys Asp Val Trp Tyr Leu Glu Pro Gin Tyr Leu Arg Glu Gly Glu Thr 
275 280 285 

Ala He Ala Phe Ala Glu Arg Val Arg Asp Met lie Ala Ala Arg Ala 

290 295 " ' 300 

Leu Lys Lys Val Pro Trp Asp Gly Tyr Leu Lys His Asn Arg Pre 

310 315 320 

Ser Pro Lys His Thr Glu Glu Lys Gin Arg He Phe Ala Glu Ser Val 
325 330 335 

Leu Arg Arg Leu Glu Glu Lvs 
34 C 

•:210 ■ 33 
211 • 1466 

212- DNA 

213- - Glycine max 

«:400> 33 

tctctctctc tctctctctc tctctctctc tctctctctg gacaaaattg ccctccatca 6^ 

ctttccttgt tagagttggt ttctgcaacc taccatgeaa ttcctcacct gaatccgttt 120 

tetattgeca cgttgggatc gaaaagtcta gtttaaccac acgtttgtgg ttgtagtgga ' 30 

agegtaaega agatgaatgg cattgggaaa etcaaategt cgagttctga attggacctt 2-10 

cacattgaag attacctacc ttctggatcc agtgttcaac aagaaeggea tggcaagctc 300 

cgactgtgtg atttgetaga catttctcct agictatctg aggcagcacg tgccattgta 360 

catgatacat tcacaaggtg cttcaagtca aatcctccag aaccttggaa ctggaatgtt 

tatttgtttc ctttgtggtg ctgtggagtt gtggttcgat atttgatttt gttccctatt 4:0 

aggattctag tgttggcatt aggatggatt atatttcttt cagccttcat tccagtgcac 540 

tccctcctga aaggaaatga tgatttgagg aaaaagattg agaggtgttt ggtggagatg 600 

atgtgcagtt tctttgttgc accatggact ggggttgtca agtaccatgg gccaagacct 660 

agtatccgac caaaacaggt ttttgtggcc aatcatactt ccatgattga tttcattatc 720 

ttagaacaga tgactgeatt tgctgttatt atgeagaage atcctggatg ggttggatta 7&Q 

ttgeagagea ccattttgga gagtgtgggg tgtatctggt teaategtae agaggcaaag 84 0 

gatcgagaaa ttgtggcaag gaaattgagg gatcatgtcc tgggagctaa caataaccct 900 

cttctcatat ttcctgaagg aacttgtgta aataatcact actctgtcat gttcaagaag 960 

ggtgcatttg aacttggctg cacaatttgc ccagttgcaa tcaagtacaa taaaattttc 1020 

gtcgatgett tttggaatag tcgaaagcaa tcattcacca ctcatctctt gcaattaatg 1080 

acatcttggg ctgtagtttg tgatgtttgg tacttggagc cacaaaattt gaagccagga 1140 

gagacaccca ttgaatttgc agagagagtt agagacataa tctcacatcg tgctgggctt 12 CO 

aaaaaggttc cttgggatgg atatctgaag tattctcgcc ctagtcccaa gcacagagaa 1260 

ggaaagcaac aaatattege tgagtctgtg ttgeggeget ttgaggaaaa ataatgtata 132C 

tctttttact ttttcagtaa tgattttctc caacccttgt ttgtactcca cttactacta 13&C 

tgatatacat gtagatctta catgaaattg cctgaaaatt ttccatgacc aaaaaaaaaa 1440 

aaaaaaaact cgagactag: tctctc 1466 

<210> 34 
<:211> 37 3 
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■ : 4 0 0 > 



PET 

Givcine max 



His lie 



Asp 
20 



Pre Ser Gly Ser Ser Val Gin G^n GIu Arc 
25 30 



His Gly Lys Leu 



s r Glu Ala Ala 

5C 

Lvs Ser Asn Pro 



Leu Trp Cys Cys 



100 

I ie Etc Val His 
115 

lie Gl u Arg Cys 
13C 

Trp Thr Gly Val 

] <;5 

Lys GIr: Val Phe 



Leu Glu Gin Mel 
150 

Trp Val Gly Leu 
195 

Trp Phe Asn Arg 



Leu Arg Asp His 
225 

Pro Glu Gly Thr 



Gly Ala Phe Glu 
260 

Asn l^ys lie Phe 
275 

Thr Thr His Leu 
290 



Arg Leu Cys Asp 
40 

Arg Ala lie Val 
55 

Pro Glu Pre Trc 
7C 

Gly Val Val Val 
85 

Leu A.1 a Leu G^y 



Ser Leu Leu Lys 
120 

Leu Val Glu Me: 

135 

Val Lys Tyr His 
15C 

Val Ala Asn His 
165 

Thr Ala Phe Ala 



Leu Gin Ser Thr 
200 

Thr Glu Ala Lys 
215 

Val Leu Gly Ala 
230 

Cys Val Asn Asn 

245 

Leu Gly Cys Thr 



Val Asp Ala Phe 
280 

Leu Gin Leu Met 
295 



Leu Leu Asp lie 



Asp Asp Thr Phe 

6C 

Asn Trp Asn Val 
7 5 

A.rg Tyr Leu lie 

9C 

Trp lie lie- Phe 
105 

Gly Asn Asp Asp 



Met Cys Ser Phe 
14C 

Gly Pre Arg Pre 
155 

Thr Ser Mer. lie 
17 C 

Val lie Met Gin 
185 

lie Leu Glu Ser 



Asp Arg Glu lie 
220 

Asn Asn Asn Pro 
235 

His Tyr Ser Val 

250 

Tie Cys Pro Val 
265 

Trp Asn Ser Arg 



Thr Ser Trp Ala 
300 



Ser Pro Ser Leu 
45 

Thr Arg Cys Phe 



Tyr Leu Phe Pro 
80 

Leu Pne Pre lie 
95 

Leu Ser Ala Phe 
110 

Leu Arc Lys Lys 
125 

Phe Val Ala Ser 



Ser lie Arg Pro 
16C 

Asp Phe lie lie 
175 

Lys His Pre Gly 
190 

Val Gly Cys lie 
205 

Val Ala Arg Lys 



Leu Leu lie Phe 
240 

Met Phe Lys Lys 
255 

Ala lie L,ys Tyr 
270 

Lys Gin Ser Phe 

2S5 

Val Val Cys Asp 
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Val Trc Tvr Leu Glu Pro Gin Asr. Leu Lys Pre Glv Glu Thr p^n li< 
~~CS 210 315 " 



1 j Phe Ala 



His Arc Ala 



IVi Lys Val fro Trp Asp Gly Tyr Leu Lys Tyr Ser Arg Pro Ser Pre 
340 345 " 35C 

lys -lis Arg Glu Gly Lys Gin Gin lie Phe Ala Glu Ser Val Leu Arg 
355 360 365 

Arc rhe Glu Glu Lys 



'210 
:2il 
^212 
'213 



35 

1384 
DNA 

Caraloa scecicsa 



-.'4 00 : 


35 










q c a c c 


■aggt a 


qqttt ct crt c 


caeca t 1 1 1 c 




l egggr l^la 


gaaa-L 


cao:a 


agggaatt ga 


ggn r gat ggg 


caggggaata 


at gagtct gc 


eggt : 


~t gaag 


a ggn ggaagg 


accnggggct 


at tgtatcca 


atcatatat c 




gnat c 


acatgtct t c 


ctcttt ccca 


agttt cgttt 


ccaagagat c 


ct tc : 


ccttg 


t t ggt ctt gt 


gagcaagtgt 


cttggttgtg 


t at atgtaca 


a a g : ^ 


gtegg 


an 1 1 caagcg 


ggt at caggt 


gttgncactg 


aaagaatt ca 


caaaa 


taagt 


t t gctccaaa 


gatgat aant 


ttcccagaag 


gcacaact ac 




cctt c 


cattcaagac 


tggtgcatr : 


t tggcaaagg 


ct ccagtact 


t:aa: 


stat: 


cgt a cca gag 


atttagtccc 


gcgt gggact 


ctatttctgg 


ct gat 


tcttc 


t t ct ctgnca 


gtt t gnaaat 


tacattgaag 


tgacacattt 


catcc 


gt ccg 


aacaagaaaa 


ggaaca tccc 


aagctt ttcg 


ctgaaaat gt 


atggz 


t cct g 


agggraatt: 


gattctttcg 


gat att gga t 


tggcggagaa 


cat:: 


t gctc 


t caatggnnn 


act t ngtcaa 


agataatcca 


gettegctat 




grant 


n t tngact tc 


cat aaaacta 


at aactaagc 


ccataaatt a 


c.:t; = 


tngat 


ct t catcgt c 


tat acgan 1 1 


ctaact atta 


t ctggacatc 




gctt t 


ggtaaggatc 


ctcnaaagct 


gnctctattt 


gatacatt ag 


ttaat 


acaga 


acgtggaagc 


cgangttgta 


ttaacgacgt 


tggtgaacat 


ct t rt 


acttg 


aaatttgacc 


atccattatt 


tgattcttga 


gacatgaagn 


gagttcgttt 


gagattagee 


anaaat cgea 


ttt ct ctaac 


agtttgtt ct 


grant 


agttt 


ccccttgtat 


at agcacaat 


geaaatget g 


tagtt aacta 


ate:: 


ctctt 


tt gtttget t 


tat t gcaacg 


ttaggagtt g 


t aaatatcct 


ttgga 


t tagc 


atagttaatt 


gt gaaat at g 


t agtggt gec 


t gagaat ggn 


aagt c 


ttget 


tctt ctggga 


aaaaaaaa aa 


aaaaaaaaaa 


aaaaaaaaaa 


aaaa 












<210> 


36 










<211> 


251 










<212> 


PRT 











ttggannggt 


6 0 


at ct aggaa t 


120 


tt atatagat 


130 


cgt cgctaaa 


2 4 j 


gcgt gagtt a 


30 0 


agaagctcat 


3 60 


aaat ggggac 


420 


tcctgtcatt 


4 80 


ggct cgecat 


54 0 


gcctgtttat 


600 


taggcttct g 


66 ) 


acgagttt a t 


720 


attgattgta 


7d0 


cget ggaaga 


8 4 ~) 


t t agttact g 


900 


gecgnct ggc 


9r.:i 


ggagctat t g 


102 :.) 


t gagaaat t a 


1060 


act gggtacg 


114 0 


ctttgttttg 


1200 


t aaaat ct ag 


12 60 


ct t ggattgg 


132 0 


aaaaaaaaaa 


1380 




1384 



<213> 



Cataipa speciosa 



<400;> 36 

Ala Arg Gly Arg Phe Leu Ser Arg lie Leu Leu Phe Val Phe Gly Phe 
1 5 10 15 

Tyr Trp lie Gly Glu Thr Ser Lvs Glv lie Glu Val Asp Gly Gin Gly 
20 25 30 
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Asn Asn G^u Ser Ala Ser Arg Asn Arg Ser Giu Glu Val Glu Gly Pro 

2 5 40 45 



O-lV A..C 



Val Ser Asr. His He Ser Tyr lie Asp He Leu Tyr Kis 



Met Ser Ser Ser Pne Pre Ser Phe Val Ser Lys Arg Ser Val Ala Lys 

65 70 75 ^ 80 

Leu Pro Leu Val Gly Leu Val Ser Lys Cys Leu Gly Cys Val Tyr Val 
S5 90 95 

Gin Arg Glu Leu Lys Ser Ser Asp Phe Lys Gly Val Ser Gly Val Val 
100 105 HO 

Thr Glu Arg lie Gin Glu Ala His Gin Asn Lys Pne Ala Pro Lys Met 
115 120 125 

He lie Phe Pro Glu Gly Thr Thr Thr Asn Gly Asp Phe Leu Leu Pro 
13C 135 140 

Pne Lys Thr Gly Ala Phe Leu Ala Lvs Ala Pro Val Leu Pro Val He 
145 150 ' 155 16C 

Leu Arg Tyr Ser Tyr Gin Arg Pne Ser Pro Ala Trp Asp Ser lie Ser 
165 170 175 

G„y Ala Arg Kis Val lie Leu Leu Leu Cys Gin Phe Val Asn Tyr He 
180 185 190 

Glu Val Thr His Leu Pro Val Tyr His Pro Ser Glu Gin Glu Lys Giu 
195 200 205 

Asp Pro Lys Leu Phe Ala Glu Asn Val Arg Leu Leu Met Ala Arg Glu 
210 215 220 

G.y Asn Leu He Leu Ser Asp lie Gly Leu Ala Giu Lys Arg Val Tyr 

225 23C 235 240 

His Ala Ala Leu Asn Gly Leu Leu Cys Gin Arg 

245 " 250 

<210> 37 
<21i> 104 2 
<212> DNA 

<213> Triticum aestivum 
<400> 37 

gcacgagcag gggttgagga gggaggccgt getgegtget ggccgcgtgt tgtcgeggge 60 

aatgctgttc gtgttcgggt tctactggat ccccgtgtcc gatcgaagct tccccaatgc 120 

cgaggatgta cctaaagatc actatgaaga actggaaaga ccaggggoga ttgtatctaa 180 

tcatgtgtca tatgtggaca ttctttatca tatgtcagct tcttctccga gttttgttgc 240 

taagaactca gtgtccaagt tgccgttgat tggtctcata agcaaatgtc ttgggtgcat 300 

ttttgttcaa cgagaatcca aatgttcaga ttctaaaggt gtctcaggtg ctgtaactga 360 

aaggctccat gaggtttcac aagacgagaa ttcccctatg atcttactct ttcctgaggg 420 

tactactacg aatggggatt accttctccc atttaagaca ggagecttte ttgeaaggge 480 

accattgeaa cctgtaattt tgagatatcc ttacaggaga tttagtccag cctgggactc 540 

catggatggg geaegtcatg tgtttttgct cctctgtcaa tttgeaaatt acatagaggt 600 

ggttcgcttg cctgtatact atccttctga gcaagaaaag caggatccta gagtctatgc 660 

caacaacgtc agaaaattgc ttgcgactga gggtaattta gttctgtcta atcttgggct 720 
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GgctgaaaaG 


cgt gtgtatc 


atgcggcac:: 


t aatggtaai 


agtccrtcgt g 


cz ct gcat ca 


7 SO 


gaaagatgat 


t gaaagccct 


tgcarcact c 


z crgracac: 


atctgttgac 


gtcattgt a a 


84 C 




caacntragc 


t gat catgt g 


attcatggtt 


let ctgtt z g 


aggagtatgr 


900 


.gattgarga 


aaaCattatd 


cctattttca 


gaigaattcc 


ctcctraiac 


tacaitgta: 


960 


ligaaaccatt 


aaacattat a 






a (.asttottt. 


tget tat tea 


102 0 




cjaaaaadaaa 


a a 








104 2 



-:210> 38 

-:211> 261 

■■'212> ?RT 

•■2I0> Triticum aestivuir. 



-4 00 33 
Gin Gly Leu Arg 
1 

Arg Ala Met Leu 
20 

Arg Ser Phe Pro 



leu Giu Arg yro 
5C 

lie Leu Tvr His 
65 

Ser Val Ser Lys 



Cys He Phe Val 
100 

Ser 31y Ala Val 
115 

Ser Pro Xe: He 
130 

Tyr Leu Leu Pro 
145 

Gin Pro Val He 



Asp Ser Met Asp 
180 

Ala Asn Tyr He 

195 

Gin Glu Lys Gin 
210 

Leu Ala Thr Glu 
22 5 

Lys Arg Val Tyr 



Arg Glu Ala Val 
5 

Phe Val Phe Gly 



Asn Ala Glu Asp 
40 

Gly Ala He Val 



Met Ser Aia Ser 
70 

Leu Pro Leu He 

85 

Gin Arg Glu Ser 



Thr Glu Arg Leu 
120 

Leu l,eu Phe Pre 



Phe Lys Thr Gly 
150 

Leu Arg Tyr Pro 
165 

Gly Ala Arg His 



Glu Val Val Arg 

2CC 

Asp Pro Arg Val 
215 

Gly Asn Leu Val 
230 

His Ala Aia Leu 
245 



Leu Arg Aia Gly 
10 

Phe Tyr Trp lie 
25 

Val Pro Lys Asp 



Ser Asn Kis Val 
60 

Ser Pro Ser Phe 
75 

Gly Leu He Ser 
90 

Lys Cys Ser Asp 



His Glu Val Ser 



Glu Gly Thr Thr 
140 

Aid Phe Leu Aia 
155 

Tyr Arg Arg Phe 
170 

Val Phe Leu Leu 
185 

Leu Pro Val Tyr 



Tyr Ala Asn Asn 
220 

Leu Ser Asn Leu 

235 

Asn Gly Asn Ser 
250 

33 



Arg Val Leu Ser 
15 

Pro Val Ser Asp 
30 

His Tyr Glu Glu 

45 

Ser Tyr Val Asp 



Val Aia Lys Asn 
80 

Lys Cys Leu Gly 
95 

Ser Lys Gly Vai 
110 

Gin Asp Glu Asn 
125 

Thr Asn Gly Asp 



Arg Ala Pro Leu 
160 

Ser Pro Ala Trp 

175 

Leu Cys Gin Phe 
190 

Tyr Pro Ser Glu 
205 

Val Arg Lys Leu 



Gly Leu Ala Glu 
240 

Pro Arg Ala Leu 
255 



WO 00/49150 



PCT/US00/04526 



His 'Sir. Lys Asp As: 

2 6 0 



213 



ma vs 



■■2 20 ■ 

■ - 2 2 1 '■ unsure 
'222 - (2C3 ) 



--4 0C- 3 9 
Qtttccaatc 

caggt tat at 
aaga.gaaagg 
acaaat ggga 
caacctgt t g 
1 t attaaag: 
cttc :tgttg 
aeca get at g 
t atgattat g 
aatg 7cttgg 
a :at*.t :c:g 
t catt ttggt 
cat taaggcg 
accactgtt c 
t gagat ctcc 
t gataagat g 
ggacgacttc 
ca t caat ggg 
gegtaaaagg 
t gt gqat acc 
t gqgttgcat 
aat tat t at t 
t ggaactcag 
aaaaaaaaaa 



at a tetegta 
cagagt ct ca 
atgtt gacag 
cagct tgcaa 
gattcct gat 

t cat gt t caa 
tctaccctcc 
ctatggcacg 
gcacgagcag 
gttaaaga tg 
get at gaatc 
ctggatt gca 
ttgat tacgt 
cagggtt cct 
agggcacagc 
ctggagctgt 
at ggcgtgtc 
gaagt gtaca 
ctggagctgc 
caccgggtgc 
caagt ggct g 
ggccattt ac 

d d C G C a a d l, ci 

aaaaaaaaa 



cat agaaccc 
t gatgeect a 
att ct caeca 
tar.cttcccg 
ttcgttccaa 
tccacatgtc 
gat gttcaca 
t gagatcaag 
t gecctgaat 
t agaagctgg 
tt tacggtat 
cagataacga 
gt cctctgtg 
teegtcagtt 
gcgagaccgc 
tagctgat ct 
t caagacgt t 
ttgggaggtt 
t cgagatagt 
cagt gecagg 
t cct ccact t 
accagt gtag 
cgaa t ct gt t 
craaaacat ct 



at att ct t ct 
ccatttgttg 
gettctegga 
egggtcctgt 
catggtgcgt 
cact t tgatc 
cagtttcat a 
caagagaatg 
gect tgeega 
aaaggtgaac 
aagcacagca 
tggacgtgtg 
caagaagat a 
ct t ggttggg 
ctttgagaag 
ctt gcggtta 
cgat gtagat 
cccgttcct g 
ct gaatgaat 
cgtaggcagg 
tgagaccaaa 
tgegtcgat t 
gagatacgeg 
ctaarctaaa 



t ct atgaat t 
gaacaat t at 
aggct get gt 
tattcectga 
tcatacct gg 
aat cat gggg 
atttcatgga 
ccc _ t c a 1 1 1 
cttattattc 
tgctcaaa tt 
gaagtgat gg 
aaagct gaag 
ttt cactatt 
t gegegea 
tgccggggt c 
agcatggt gc 
ggegacgaga 
at cgcgtt ct 
gectgaggea 
ggatccct cc 
gcaactgtag 
t tgtt t agt t 
ctggactagt 
ctaact aaca 



gtt cccaacc 


60 


t ecageqat c 


1 2 0 


aaa t gaaata 


18 0 


agcrcaccaca 


2-10 


ctaccctQtt 




aaa tat at eg 




ggt agagtac 


■1 2 ( ■ 


tgcagaggat 


4 c: ( 


atggcgatt c 




at atggtaga 


60 (. 


aactattgga 


6 60 


atttctgggc 


720 


tcgatttaga 


7 SO 


tgaggaagca 


840 


ctgaaacgt c 


900 


caccttctga 


96C 


agat cagcag 


102C 




1 0 8. 0 


aagegat gee 


11.40 


gt t t atgcaa 


1200 


t a 1 1 gggt a t 


1260 


get t cgtt eg 


1320 


aga 1 1 gt cga 


138 0 


aaacatttaa 


1 4 4 0 




1459 



<21C> 

< 2 1 1 > 
<212> 

< 2 1 3 > 



40 

204 

PRT 

2ea mays 



<220> 

<221 > UNSURE 
<222> (68) 



<400> 40 

Val Ser Asn His He Ser Tyr He Glu Pro lie Phe Phe Phe Tvr Glu 

1 5 10 15 

Leu Phe Pro Thr He Val Ser Ser Glu Ser His Asp Ala Leu Pro Phe 

20 25 20 

Val Gly Thr He He Arg Ala Met Gin Val He Tyr Val Asd Arg Phe 
35 AO 45 
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Ser Pre Ala Ser Arg Lys Ala Ala Val Asn GIu lie Lys Arg Lvs Ala 
50 55 60 

Ala Cys Asn Xaa Pne Pro Ara Val Leu Leu P^e G^u GL* it 1 -- 

65 7C 75 

Thr Asn Gly Arg Phe Leu He Ser Phe Glr. His Gly Ala Pne He Pre 
£5 90 95 

Gly Tyr Pro Val Gin Pro Val Val Val His Tyr Pro His Val His Phe 
100 105 HO 

Asp Gin Ser Trp Gly Asn He Ser Leu Leu Lys Leu Met Phe Lys Met 

115 120 125 

Phe Thr Gin Phe His Asn Phe Met Giu Val Glu Tyr Leu Pro Val Val 
130 135 140 

Tyr Pro Pro Glu lie Lys Gin Glu Asn Ala Leu His Phe Ala Giu Asp 
14S 150 155 16C 

Thr Ser Tyr Ala Met Ala Arg Ala Leu Asn Ala Leu Pro Tr r- T V r- 
165 170 175 

Ser Trp Arg Phe Tyr Asp Tyr Gly Thr Ser Ser Arg Ser Trr> Lys Gly 
18 0 185 190 

Giu Leu Leu Lys Leu Tyr Glv Ara Asn Gly Leu Gly 
155 200 



<210> 4 1 

<21i> 2115 

<212> DNA 

<213> Oryza sativa 



<400> 41 

gcacgaggtt ctaacccgcc tcctctcgcc tcgcctccgc cacccatggc ttctcgaaac 60 
cctagccccg cctccctctc cacgccgcic ctctccgact ccatctcgcc cacgcccacc 12C 
accaacggcc aegeggggea ccataaccac gacgacgacg acgaggagtc gccaacggcg 130 
tgcggcggcg atggcggagg agggggggac ccgttcgcgt tectategga ggatcggccg 2-10 
gcgtggtggt cgccgcgggg ggtgtccccg gccgacccgt tccgcaacgg gaegcegggg 300 
tggtgcgggg egtacgaget cgtgagggcg ctcgtgtgcg cgccggtggc ggeggegagg 360 
ctggtgctgt tcgggctctc catcgeggtg gggtacgccg ccacgtgggt ggcgctccgc 420 
gggtgggtcg acgtgcggga gcgggcggcg caggagggcg ccgggcccat gccggcgtgg 4 80 
cgccgccgcc tcatgtggat cacgcggatc tccgcgcgct gcatcctctt ctccttcgga 54 0 
taccattgga taaggaggaa aggaaaaccc gegectagag agcttgcacc tatagttgtc 600 
tcaaatcatg tatcatacat agaacccata tacttcttct atgagctgtt cccgacaatc 660 
gtttcttcag attctcatga ttccatacca tttgttggaa caattatccg ageaatgeag 720 
gttatatatg ttgacagatt ctcgccagct tcaaggaagt ctgctgtaaa tgaaataaag 7&C 
gatgtgattt cagagaaagg eggcttgeaa tagcttccca cgtgtcttgt tattccegga 840 
aggcacgaca acaaatggaa gatttctgat ttctttccaa catggtgcat tcatacctgg 900 
ctaccctgtt caacctgtta ttgtgcgcta tccacatgtg cactttgatc aatcatgggg 960 
aaatatatca ttaggaaagc tcatgttcaa gatgtttacc cagtttcaca atttcatgga 1020 
ggtagagtac ctccctgttg tttacccacc tgagatcaag caagagaatg cccttcattt 1060 
tgcagagaac actagctatg ctatggcaca tgcacttaat gttattccaa cctcttattc 1140 
atatggggat tcaatgatca tggctcgagc agtggaagat ggaaaggtga actgetcaaa 1200 
ttatatggtg gagatggctt gggtaaaaga aacatatggt gtgagcacat caaaagcaat 1260 
ggcactcttg gaagactutt tgtgtatgag cccagacaag gaeggaegtg tgaatgegea 1320 
agatttttgg gctcattttg gecttaattg cacccctctt tgcaagaaga tatttcagta 1380 
cttcgattit gaagecaagg aatccatcac attcegtcag ttcttgattg gatgtgcgca 1440 
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cctcaggsac cagccatcgr ttcaggacgc ctgcgaaacc gcgttrgaca ggtgtaagaa 1500 

tccc::aaca trtcacatcg gcagggagoa gctcgccgat gtccigcggt caagcatgct 1560 

tgagr.gat: accgataatg ggatgatgaa gctgticaag acgttggacg :cgacga:ca 1620 

c:acggaa:: agcaaggatg acctcatggc atccc:ragg aagctcccct :ca:ga::gc 1680 

g:tc.::c:: ggcrgga::a acgcggaagt ;taca::gag aragrttgat caa;:aca:: H40 

gazcgcaggg gagagcaaaa atgg-gga;:g agactttgta acgcggtggg agacgacaga 1300 

cctc-grctg tttttacagg gatggtttcc aaccgcttca ccgtccatc: agcrttctca I860 

ggcgtgttgc ac:aaagrgg ctaaccggta tagtgcgcaa ttrtgtttca tancgraaaa 1920 

atatatatt* atatccatag aaaagctgic gcgtgatggc acgctggatt gtgcaatgog 1980 

gatatgatac tgiacaaca: tggtccaact gggcgtgcac atagaaactc tttttttggt 2040 

ttggtr.tgg- ttggctaact ggatggatga ttacaaactc ctttttggct aaaaaaaaaa 2100 

aaaaaaaaaa aaaaa 2115 

<210:> 42 

<:211> 255 

<:::12> PRT 

<:213;> Oryza sativa 

<400> 42 

Met Ala Ser Arg Asn Pre Ser Pro Ala Ser Leu Ser Thr Pro Leu Leu 

Ser Asp Ser lie Ser Pro Thr Pro Thr Thr Ash Glv His £la Glv 
2C 25 30 

his Asn His Asp Asp Asp ftS p Glu Glu Ser Pro Thr Val Cvs Gly Gly 
35 40 45 

Asp Gly Gly Gly Gly Gly Asp Pro Phe Ala Phe Leu Ser Glu Asp Arg 
5C 55 60 

Pro Ala Trp Trp Ser Fro Arg Gly Val Ser Pro Ala Asp Pro Phe Arg 
65 70 75 8G 

Asn Gly Thr Pro Gly Trp Cys Gly Ala Tyr Glu Leu Val Arg Ala Leu 
85 90 " 95 

Val Cys Al a. Pre Val A. a Ala Ala Arg Leu Val Leu Phe dv Leu Ser 
100 105 no 

Tie Ala Val Gly Tyr Ala Ala Thr Trp Val Ala Leu Ara Gly Trp Va' 
115 120 125 

Asp VH Ar? Glu Arg Ala Ala Gin Glu Gly Ala Gly Pro Met Pro Ala 
130 135 140 

Trp Arg Arg Arg Leu Met Trp lie Thr Arg He Ser Ala Ara Cys He 
145 150 155 ' 160 

Leu Phe Ser Phe Gly Tyr His Trp lie Arg Arg Lys Gly Lys Fro Ala 
165 170 275 

Pro Arg Glu Leu Ala Pro lie Val Val Ser Asn His Val Ser Tyr He 
180 185 190 

Glu Pro He Tyr Phe Phe Tyr Glu Leu Phe Pro Thr He Val Ser Ser 
195 200 205 

Asp Ser His Asp Ser He Pro Phe Val Gly Thr He He Ara Ala Met 
210 215 220 
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Gin Va: He Tyr Val Asp Arg Phe Ser Pro Ala Ser Arg Lvs Ser Ala 
22b 23C 235 " 240 



■lu lie Lvs Ast Val Z _ e 
245 



110. 

" "! 1 ' 

^ 1 o ■ 

213: 



43 

2041 
DNA 

Glycine max 



< 4 C 0 :■ 4 3 
ccaccagccg 
aaccgcacgc 
ct ggeggege 
aaggt ggege 
gt tat gt gga 
a t aaa aegga 
gt ttcttata 
gagt ct cat g 
gt taacags t 
1 1 caa ggaac 
1 1 cccgaggg 
r ccct ggata 
ectgeggtaa 
1 1 1 1 tgaggt 
a 1 1 ttcggga 
a t t cttatgg 
caagrrtrat 
ct gtggactt 
a t eatgact t 
catt cattga 
cocatgttat 
gcggtgcagt 
tcctcaattg 
a t ggaagaa t 
catttttlac 
tgtgat ggat 
ggatt cctgg 
tttt ctcttt 
gugaagatct 
t gcacagct a 
t ggtt caggg 
gtgt caattt 
agtaatgtaa 
ggggggcccg 

g 



acgacgacga 

eggegat cga 

t gegget cgc 

t ggcagggtg 

t cacgcgctr 

aaggaaaacc 

ttgagectat 

act ccatacc 

t cttaccat c 

tgaat aacag 

aacaacaact 

cccaatccag 

tgt ttctttg 

agaatat ctt 

gaggactagc 

agacataatg 

ggttgaaatg 

t ctggataaa 

cttgagggtt 

tgt ggagaag 

gtcccaacct 

aaagacctat 

gagtgaggat 

t gacaagaat 

acctcagcca 

ggatttcaca 

ggaatacata 

taattttttt 

gtgccatcca 

gat gtcagtt 

accatgetga 

gtaacaaaca 

tttatttgga 

gttgttttcg 



ctt etcegt g 
ggggctctac 
gctgttcggg 
gaaggacaag 
gr gegecaga 
tgcaccaagg 
cttctatttc 
ttttgttggc 
at caaggaa g 
agaagggect 
aatggcagga 
cctgtaat ta 
ggaaagctt a 
cctgt catt t 
cgtgctat eg 
cttcatatga 
accaaggtgg 
ttctt ggeca 
ttaagactt a 
agtgggacaa 
gggt t cgatc 
gttgt tgaac 
gaggt ccatg 
gacttt cttt 
cagcaaaaag 
tccaggtctt 
cagtatagga 
acctt gctct 
tcctgcttca 
acct ggatgt 
catt t agggt 
ttataactgt 
aaaaaaaaaa 
aggt egaegt 



ccgccaccgt 
gagtgggcca 
ct ct gecteg 
gagaat ccca 
tgtattctct 
gaaatt gctc 
tatgaattat 
accatt atta 
caggctgtt a 
ct t gt gataa 
accttatct c 
tacgetat cc 
t gtt cagaat 
at cccctgga 
caactgcact 
aagcacaaga 
aat cattatt 
tgaatcct ga 
aggcttgccc 
ttacgttcag 
aaacctttga 
aagagtt acg 
agttttttat 
cat gecttag 
aattigaagg 
tt gtggacta 
t gcagtggcc 
gattaatt ac 
tttgatgttt 
tgtgat caca 
ccatgtggtt 
attttttttc 
aaaaaaaaaa 
gctcgataag 



ccaccct gga 

agaeggeget 

cggtggggt a 

tgcccaagt g 

t ct cctttgg 

caataatt gt 

tt cctaccat 

gagcaatgea 

gggaaataaa 

atttcct cga 

cttccaact t 

t catgtacac 

gttcact caa 

tgataaggaa 

aaatgctgt c 

agcaaaacag 

tcatat cage 

tcccagtggt 

actatctgea 

acagttcttg 

agaagecttt 

agattt catc 

gttatttgac 

aagaaatcct 

raatggagt g 

caaagaaaag 

tcattttttt 

tegtaaagea 

tt t gttagct 

ccgatccaac 

catgtaaagt 

aaagat gt ga 

aaaaaaaaaa 

attgtatcca 



cccgt t cege 
gt gcctgccg 
cgtggcgacg 
gaggtgtagg 
ct atcagtgg 
atctaaccat 
t gtggcagct 
ggtcat ata t 
gaaatct get 
gt act atta t 
ggtgcattta 
tt tgaccaat 
tt t cacaact 
actgetgt ac 
cagacaggac 
gagaacccct 
ageaeggaag 
cgtgttcaat 
aagatattt t 
tat ggat ctg 
get ggctgtg 
caacct gcta 
aatgataatg 
ctt ctcat ag 
a t agaaa t ag 
aaatgggt ag 
tttttttt cc 
taactattig 
aggtcagtt t 
atttgagttt 
1 1 gaaccaac 
acat gaagaa 
aaaactcgag 
caccgagcgc 



60 
120 
180 
240 
30 0 
360 
4 2 0 
430 
5-5 0 
6<)0 
660 
720 
780 
840 
90 0 
9 60 
1020 
1080 
1140 
120C 
1260 
1320 
138 0 
1440 
1500 
1560 
162 0 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2041 



<21C> 44 

<211> 228 

<212> PRT 

<213> Glycine max 

<400> 44 

Ala Arg Gly Asp Asp Asp Asp Phe Ser Val Pro Pro Pro Ser Thr Leu 
15 io 15 

Asp Pre Phe Arg Asn Arg Thr Pro Ala He Glu Gly Leu Tyr Glu Tr d 
20 25 30 
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Ala Lys Thr Ala Leu Cys Leu Fro Leu Ala Ala Leu Arg Leu Ala Leu 
25 40 45 

10 5 5 6 0 

Ala Gly Trp Lys Asp Lys Glu Asn Pro Met Pre Lys Trp Arg Cvs A.rg 
65 7 0 7 5 " * " " 8 0 

Val Met Trp lie Thr Arg Leu Cys Ala Arg Cys lie Leu Phe Ser Phe 
65 90 95 

Giy Tyr Glr. Trp lie Lys Arg Lys Gly Lys Pro Ala Pro Arg Glu lie 
10C 105 110 

Ala Pro lie lie Va. Ser Asn His Val Ser Tyr lie Glu Pro lie Phe 
115 120 ' 125 

Tyr Phe Tyr Glu Leu Phe Pre Thr lie Val Ala Ala Glu Ser His Asd 
130 135 140 

Ser lie Pre Phe Val Gly Thr lie lie Arg Ala Met Gin Val lie Tvr 
1-55 150 155 160 

Val Asn Arc Phe Leu Pre Ser Ser Arg Lys Gin Ala Val A.rg Glu lie 
165 170 175 

Lys Lys. Ser Ala Phe Lys Glu Leu Asn Asn Arg Glu Gly Pro Leu Val 
ISO 185 19C 

I..e Asn Phe Leu Glu Tyr Tyr Tyr Phe Pro Arg Glu Gin Gin Leu Met 
155 ~ 200 205 

A^a Gly Thr Leu Ser Pro Ser Asn Leu Val His Leu Ser Leu Asp Thr 
21C 215 220 

G_.n Ser Ser Leu 
225 

<210 ■ 45 
<21i • 1502 



<212 
<213 



DNA 

Zea mays 



<400> 45 

gcacgaggtc qtcctcac:a tgccgatccg gcgtcagcgc tagggttagg gtctcctctg 60 

cgcctttatc gccatggctc ctaacgaagc cgctagcatc accaccccgt ccgagccgga 120 

gagcgtgggc ggcagtgaga tgagcagega agacatggee gccgccagtc cgctcctctc 180 

gtcgtcctcc ccctcccctt ccccctccgc agccccggtg ctggagagca tagaggaact 240 

ggaccggaag tacgcaccgt acgcgcggcg ggacgegtae ggaccgatgc ggctcggccc 300 

cgtgagcgca gcggaggctg cgcggctggc gtttgccgcg gtcgtgctgg tcccgctcog 360 

tgtcgtggca ggtgttctcg tactcgtggt ctactacctc gtgtgccgcg tgtgcacgct 420 

gcgggtggag gaggaceggg agggeggega aggggatggg tacgegeggt tggacgggtg 480 

gaggegggeg ggggctgtgc ggtgcggccg cgcactcgct cgcgccatgt tgtttgtctt 540 

egggttctat tggatccgag agtacgacag ccgccttccc aatgetgagg atggccatgt 600 

ggaccagtct aaagaaatcg aaaggcctgg ggcaattgtg tctaatcatg tatcttatgt 660 

ggatattctt. tatcacatgt cagcctcttt tcctagtttt gttgetaaga gatcagtggc 720 

tagattgect ctagttggtc tcataagcaa atgtcttgga tgcatttttg ttcagcggga 780 

gtcgaaaaca ccagatttca aaggtgtttc aggrgctgta tctgaaagaa tccatcgtgc 840 
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tcatcaacag aaaaatqcac caatgargcr actctrccct gagggcacaa ctacaaatgg 900 

ggattatctc cttccattca aaacaggtgc ttttcttgca aaggcaccag t:=aaccagt 960 

cattttgaga tatccttaca aaagattraa tgcagcatgg gattccatgt caggggcacc 1020 

tcatctattt c^g-tgctct gtcaatttct aaattaccta gaggcggtcc gcrtaccagt 1050 

r.actatcc: :.c; :agcaac aaaacgaiaa ::c:aagc: c tatgcaaaca atgtacggaa 11-30 

actgatggca grggagggaa acrigattct tzcagacc:: cggctggcgg agaagcgag: 1000 

g-.ac:atgcc gca:tgaatg gtaatagtct agctcgigc: ttacarcaga aagatgattg 1260 

aaaigccatg ctatcgtgct tccataacac tggcttgctt gtaactgtgt gcttgctrgt 1320 

gcatcgtcat ggttgagagg aatgtcgtga atatactatc cggcataaat ctigtaaagta 1580 

att:accaac tgt;atagtt cagtaatrat gtrggttata ctcctacatg gttgggcatc 1440 

cgcacatttg atc;tgtgg: caatccatgt gagcctttt: tactaaaaaa aaaaaaaaaa 1500 

a?- 1502 

<110 • 46 



<211 
<212 
<213 



3 95 
PRT 

Zea mays 



<400:- 46 

Met Ala Pro Asr. Glu Ala Ala Ser He Thr Thr Pro Ser Glu Pro GIu 
15 10 15 

Ser Val Gly Gly Ser Glu Met Ser Ser Glu Aso Met Ala Ala Ala Ser 
2U 25 30 

Pro Leu Leu Ser Ser Ser Ser Pro Ser Fro Ser Pro Ser Ala Ala Pro 
35 40 45 

Val Leu Glu Ser He Glu Glu Leu Asp A.rg Lys Tyr Ala Pro Tyr Ala 
50 55 * 60 

Arc Arg Asp Ala Tyr Gly Pro Met Gly Leu Gly Pro Val Ser Ala Ala 
65 70 75 80 

Glu Ala Ala Arc Leu Ala Phe Ala Ala Val Val Leu Val Pro Leu Arg 
85 90 95 

Val Val Ala Gly Val Leu Val Leu Val Val Tyr Ty r Leu Val Cys Arg 
10C 105 " 110 

Val Cys Thr Leu Arg Val Glu Glu Asp Arg Glu Gly Gly Glu Glv Asc 
115 12C ' ' 125 

Gly Tyr Ala Arg Leu Asn Gly Trp Arc Arg Ala Gly Ala Val A.rg Cys 
130 135 140 

Gly Arg Ala Leu Ala Arg Ala Met Leu Phe Val Phe Gly Pne Tyr Trp 
145 150 155 160 

lie Arg Glu Tyr Asp Ser Arg Leu Pro Asn Ala Glu Asp Gly His Val 
165 170 * 175 

Asp Gin Ser Lys Glu He Glu Arg Pro Gly Ala He Val Ser Asn His 

180 185 190 

Val Ser Tyr Val Asp lie Leu Tyr His Met Ser Ala Ser Phe Pro Ser 
195 200 205 

Phe Val Ala Lys Arg Ser Val Ala Arg Leu Pro Leu Val Gly Leu He 
210 215 220 
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Ser Lys Cys Leu Gly Cys lie Phe Vai Gin Arc Glu Ser 
225 23 0 235 



2 4 ~j 



Val Ser Gli 
2 50 



Arc 



His Sir. Glr; Lys Asr. Ala Pro Met Met Leu Leu Phe Pro G^u Giv Thr 

260 265 270 

Thr Thr Asn Gly Asp lyr Leu Leu Pre Phe Lys Thr Gly Ala Phe Leu 

275 " 280 285 



Ala Lys Ala 
290 



V— ?rc Val He Leu Arg Tyr 
295 300 



Pro Tyr Lys Arc 



Phe Asn Ala Ala Trp Asp Ser Met Ser Gly Ala Arg His Val Phe Leu 
305 310 315 320 

Leu Leu Cys Gin Fhe Val Asn Tyr Leu Glu Val Vai Arg Leu Pre Val 
325 330 335 

Tyr Tyr Pro Ser Glu Glr. Glu Lys Asp Asp Pro Lys Leu Tyr Ala Asr. 
340 345 350 

Asn Val Arg Lys Leu Met Ala Val Glu Gly Asn Leu He Leu Ser Asr 
355 36C 365 



Leu Gly Leu Ala 
370 



Glu Lys Arg Vai Tyr His Ala Ala Leu Asn Gly As: 
375 380 



Ser Leu Ala Arg Ala Leu His Gin Lys Asp Asp 
385 390 " 395 



<210> 
<211> 
<212> 
<213> 



47 

1555 
DNA 

Oryza sat: 



<400> 47 

gcacgaggtt 

qcccctaagc 

ccct ccgacc 

aagccgctgc 

gagctggagc 

ggccggggcc 

ttcccgctcc 

gtgtgcacgc 

gaagtggagg 

tgcggccgcg 

tacgact gec 

agaccagggg 

tcttccttcc 

ataagcaaat 

ggcgtttcag 

atgat gctac 

acaggagcat 

agattt agt c 

caatttgtaa 

aaggaagat c 



taaaccacgt 
cccccaccct. 
ccgacgacct 
tctcgtcccc 
t egaceggag 
ccct gggege 
ggctcgccgc 
t gcgtgtgga 
gggacgggta 
cget cgcgcg 
get tccctga 
cagtagtat c 
caagctttgt 
gtcttggat g 
gtgctgtgac 
ttttccctga 
1 1 ct t g ca aa 
cagcat ggga 
a taacctr ga 
ctaagctgt a 



ctegt cgeca 
ct ccgccat g 
cggcggcggc 
gtccacctat 
gt acgcgccg 
ggcgggggcg 
gggcgtgct c 
ggaggaggag 
cgcgcggct c 
cgccatgctg 
tgctgaggat 
taatcatgta 
tgecaagaga 
catttttgtt 
tgagagaat c 
aggcacaact 
agcaccagtg 
tt cgatgtct 
ggtgat ccat 
cgcaaataat 



t ct cctcat g 
gctctccctc 
ggegaggagg 
ccttccgcgg 
tacgegagge 
gggcggctgg 
gt getegt eg 
cgcgagggtg 
gaggggtgga 
tt egtctteg 
gagcat cagg 
t cttatgtgg 
t cagtggcca 
cagegggaat 
caaeggget c 
acaaatggt g 
aagecagtea 
ggggct egge 
t tgcctgtgt 
gt aeggaaar 



cctacccact 
tccacgacgc 
aggaggagag 
ggacggagga 
gggacgcgt a 
eggt gggege 
cctactacct 
gcggtggcgg 
ggcgtgaggg 
gcttctactg 
aacagt ccaa 
atattcttta 
gattgeccat 
ctaaaacctc 
atcaacagaa 
attatct cct 
t tttaagat a 
atgtatttct 
attacccat c 
tgarggcagt 



gctagggtt t 
caccacct cc 
cctcgcct eg 
gggcgt cga g 
eggggegat g 
cgccgtgct z 
cgtgtgccgc 
cgcggctgga 
cgtcgtgcg g 
gatccgega g 
agaatt ggga 
ccacatgt ca 
ggttggtc-c 
agatttcaaa 
gaatt ct eea 
ccctttcaa g 
tcct tacaa-g 
gctcctttgt 
tgagcaagag 
ggaggggaac 



bG 
12 0 
180 
240 
300 
360 
4 20 
4 80 
54 0 
600 
660 
7 2 0 
78C 
840 
900 
9 60 
1020 
1080 
1140 
1200 
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ttgattcttt ctqatcttgg gciagcagag aagcctgtgt accatgcggc attgaatggt 1260 

aataatagt: tacctcgtgc tttacatcag aaacatgatt gaaatgcctt cccatcgcgc 1320 

tictgtatac tgargctgag tgacrtgcrt graatatgag racaagttcc iggtcttgca 138C 

tgattc:tca tgttgagagg accratgtta atatcctccc agtaaactgt aaaattat:: 1440 

^tccaractg tggt t cagta atcatgtcag ttia'i 2arga ttacattcac atgtctgcca 15 0 0' 

cacacitcac caigcaatcc atcgstgtga gctitataaa aaaaaaaaaa aaaaa 1555 

<210:> 4 8 

■■:211> 404 

•212> PRT 

•:2I3> Orv:a sanva 



<4O0> 48 
Ket Ala Leu Pre 
1 

Asp Leu Gly Gly 
20 

Pro Leu Leu Ser 
35 

Gly Val Glu Glu 
50 

Arg Asp Ala Tyr 
65 

Ala Gly Arg Leu 



Ala Ala Gly Val 
100 

Cys Thr Leu Arg 
115 

Ala Ala Gly Gj.u 
130 

Arg Arg Glu Gly 
145 

Leu Phe Val Phe 



Fro Asp Ala Glu 
180 

Fro Gly Ala Val 

195 

His Met Ser Ser 
210 

Arg Leu Pro Met 
22 5 

Val Gin Arg Glu 



Leu His Asp Ala 



Gly Gly Glu Glu 



Ser Pre Ser Thr 
40 

Leu Glu Leu Asp 



G_y Ala Met Gly 
70 

Ala Val Gly Ala 
85 

Leu Val Leu Val 



Val Glu Glu Glu 
120 

Val Glu Gly Asp 
135 

Val Val Arg Cys 
150 

Gly Phe Tyr Trp 
165 

Asp Glu Kis Gin 



Val Ser Asn His 

200 

Ser Phe Pro Ser 

215 

Val Gly Leu lie 
230 

Ser Lys Thr Ser 
245 



Thr Thr Ser Pro 



Glu Glu Glu Arg 
2 5 

Tyr Pro Ser Ala 



Arc Arg Tyr Ala 
60 

Arg Gly Pro Leu 
75 

Ala Val Leu Phe 
90 

Ala Tyr Tyr Leu 
105 

Glu Arg Glu Gly 



Gly Tyr Ala Arg 
140 

Gly Arg Ala Leu 
155 

lie Arg Glu Tyr 
17C 

Glu Gin Ser Lys 
185 

Val Ser Tyr Val 



Phe Val Ala Lys 
220 

Ser Lys Cys Leu 
235 

Asp Phe Lys Gly 
250 



Ser Asp Pro Asp 
15 

Leu Ala Ser Lys 
30 

Gly Thr Giu Glu 
45 

Pre Tyr Ala Arg 



Gly Ala Ala Gly 
80 

Pro Leu Arg Leu 
95 

Val Cys Arg Val 
110 

Gly Gly Gly Gly 
125 

Leu Glu Gly Trp 



Ala Arg Ala Met 
160 

Asp Cys Arg Phe 
175 

Glu Leu Gly Arg 
190 

Asp lie Leu Tyr 

205 

Arg Ser Val Ala 



Gly Cys lie Phe 
24 0 

Val Ser Gly Ala 
255 
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Val Tr.r Glu Arg He Gin Arg Ala His Gin Gin Lys Asn Eer Pre Me: 

2 6-' 2 6 5 2 7 C 



rrc Fhe Lys Tr.r 
290 

He Leu Arg Tyr 
3C5 

Ser Ly Ala Arg 

Leu Glu Val He 

3 4 0 

Glu Asp Pre Lvs 
355 

Glu 31 y Asn Leu 

370 

Tyr His Ala Ala 
355 

G_n Lys Asp Asp 



^ v- 




Gly Ala Fhe Leu 
2 95 

Pro Tyr Lys Arg 



His Val Phe Leu 
325 

His Leu Pro Val 



Leu Tyr Ala Asn 
360 

He Leu Ser Asp 



Leu Asn Gly A.sn 
390 



Ala Lys Ala Pro 
300 

Phe Ser Pro Ala 
3 i c 



Leu Leu Cys Gin 
330 

Tyr Tyr Pro Ser 

34 5 

Asn Val Arg Lys 



Leu Gly Leu Ala 
380 

Asn Ser Leu Pro 
395 



Asc Tvr leu Leu 
2S5 

Val Lys Pro Val 



Trp Asp Ser Met 

220 

Phe Val Asn Asn 
335 

Glu Gin Glu Lvs 
350 

Leu Met Ala Val 
365 

Glu Lys Arg Val 



Arg Ala Leu His 
400 



<210.- 49 

<2H;- 1072 

<212:- DNA 

<212: Glycine max 



<400: 49 

g-accaggga agattacget catatgagtg ggttgaggag aacegtcatt gtttcatatg 60 

gacgcgcoct ctccagagtc aogctcttca ttttcggctr ttattggatc cccgaatcoa 120 

actotgcctc tcaggaagac eggagtcage ctgaagagtt ggggagacct agegtaataa 180 

tatctaatca tgtgtcatac ttggatattt tgtatcacat gtcgtcctca ttcccaagrt 240 

ttgttgctaa gagatcagtg gctaaacttc cgctcattgg tctcatcagc aagtgccttg 300 

gttgtgtgta tgttcagcgg gaatcaaagt categgaett caagggtgtt tcagctgttg 360 

toactgacag aattcaagaa gctcatcaga atgagtctgc tccattaatg atgttatttc 420 

cagaaggaac aaccacaaat ggagagttcc tccttccatt caagactggt ggttttttaq 480 

caaaggcacc agtacttcct gtgattttaa gatatcatta ccagagattt agccccgcct 540 

gggattccat atctggggtg cgccatgtaa tatttctcct gtgtcagttt gtgaattata 600 

tggaggtgat ccgagtacct gtttaccatc cctcacagca ggagatgaat gatcccaaac 660 

tatatgetaa taatgttaga aggttgatgg ctactgaggg taatttgata ctttctgata 720 

ttgggttagc tgaaaaacga atatatcacg ctgctctcaa tggtaataat ageatgecta 780 

gtgttttgca tcagaaagac gaatgataat ttcatggccc ccgtctcaaa tgaaatgtag 640 

ttccagtcga gttttagttt caaacttagt atctgtttat gaatggacag cttgtgtgaa 900 

gggtatagct aaatagtata cattcaccta aacatctgaa tggtacttgr gtaattttct 960 

tgtaaataac gtgaccaata atgttttaat tgctggtgaa ctcaatttga ggcacacaat 1020 

toaagatcta taagtttaac tgttcttcgt tcaaaaaaaa aaaaaaaaaa aa 1072 

<210> 50 

<211> 2 67 

<212> PRT 

<213> Glycine max 
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< 4 0 C > 5 0 

Thr Arg Glu Asp Tyr Ala His Met Ser Gly leu Arc A.rg Thr Val 12 

^ -i ^ -.3 



Val Ser Cys Gly 
2 0 

the Tyr Trp lie 
3 5 

Gin Pre Glu Glu 
50 

Ser Tyr Leu Asp 
65 

Val Ala Lys Arg 



Lys Cys Leu Gly 
10C 

Phe lys Gly Val 
115 

Gin Asn Glu Ser 



Tr.r Asn Gly Glu 
145 



Lys Ala Pro Val 



Ser Pro Ala Trp 
180 

leu Cys Gin Phe 
195 

Has Pre Ser Gin 
210 

Val Arg Arg Leu 



Gly Leu Ala Glu 



Sor Met Pro Ser 
260 



Arg Ala Leu Ser 



Pre Glu Ser Asn 
40 

Leu Gly Arg Pro 
55 

lie Leu Tyr His 

/ u 

Ser Val Ala Lys 
85 

Cys Val Tyr Val 



Ser Ala Val Val 
120 

Ala Pro Leu Met 
135 

Phe Leu Leu Pro 
150 

Leu Pro Val lie 
165 

Asp Ser He Ser 



Val Asn Tyr Met 
200 

Gin Glu Met Asn 
215 

Met Ala Thr Glu 
230 

Lys Arg He Tyr 
245 

Val Leu His Gin 



Arc Val Me: Leu 

25 

Ser Ala Ser Gin 



Ser Val lie He 
60 

Met Ser Ser Ser 

75 

Leu Pre Leu lie 
90 

Gin Arg Glu Ser 
105 

Thr Asp Arg lie 



Met Leu Phe Pro 
24C 

Phe Lys Thr Gly 
155 

Leu Arc Tyr His 
170 

Gly Val Arg His 
185 

Glu Val lie Arg 



Asp Pro Lys Leu 

220 

Gly Asn Leu He 
235 

His Ala Ala Leu 
250 

Lys Asd Glu 
265 



Phe He Pne Gly 
3C 

Glu Asp Arg Ser 
45 

Ser Asn His Vai 



Phe Pro Ser Phe 

80 

G_y Leu lie Ser 
95 

Lys Ser Ser Asp 
110 

Gin Giu Ala Has 
125 

Glu Gly Thr Thr 



Gly Phe Leu Ala 
160 

Tyr Gin Arg Phe 

175 

Vai He Phe Leu 
190 

Val Pro Val Tyr 
205 

Tyr Ala Asn Asn 



Leu Ser Asp He 
240 

Asn Gly Asn Asn 

255 



<210> 51 

■:211;- 838 

<212> DNA 

<213> Glycine max 
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unsure 

(2C5 ) 



- 2 2 1 ■ unsure 



77C,) 



unsure 

( 814 ) 



<400> 51 

aagagaacta gtctcagcca ttttccattt ctrtccactt ttatgttttc aggtcatata 6C 

tgttaacaga ttcrtaccar catcaaggaa gcaggctgtt agggaaataa agagaagggc 120 

orcttgcaat agattt:ct; gagtactatt arrtcccgag ggaacaacaa caaatggcag 180 

qaaccttatc rccttccaa; rtggngcatt tatccctgga tacccaatcc agcctgtaat 240 

tgtacgctat cctcatgtgc actttgacca atcctggggt catgtttctt tgggaaagct 300 

:atgrtcaga atgttcactc aatttcacaa cttttttgag gtagaatatc ttcctgtcat 360 

itatcccctg gatgataagg aaactgctgt acattttcgg gagaggacta gccgtgc'ar. 420 

cgcaactgca ciaaatgctg rccagacagc acattcttat ggagacataa tgcttcatat 480 

gaaagcacaa gaagcaaasc aggagaaccc crcaagtttt atggttgaaa tgaccaaggt 540 

rgaatcagtg actccctaaa accaaatgac cttaccattt cctttttttt tctgccattt 600 

tcaaqtccct tgiaaattat ctrtttctrt aactttttaa gtaggatatt taggttaaac 660 

crtttgaagt acatgcaaat gccacagtaa ccctttgctt atgccaatgg atgacagaca 720 

-aagtgaccc agggrggctg cataatgttg gggccttcta atctatggga aatatgtar.t 7&C 

aaaaggggag aaratttaaa t tgtgatt tg tggnaataag gggataatat gacataag 838 

*'21C> 52 

*.211> 185 

•:212> ?RT 

<.213> Glycine max 

-.400> 52 

Arg Glu Leu Val Ser Ala He Phe His Phe Phe Pro Leu Leu Cys Phe 
1 £ 10 15 

Gin Val lie Tyr Val Asn Arg Phe Leu Pro Ser Ser Arg Lys Gin Ala 
20 25 30 

Val Arg Glu He Lys Arg Arc Ala Ser Cvs Asn Arg Phe Pro Arg Vai 
35 40 45 

Leu Leu Phe Pro Glu Giy Thr Thr Thr Asn Gly Arg Asn Leu lie Ser 
50 55 60 

Phe Gin Leu Gly Ala Phe He Pro Gly Tyr Pro He Gin Pro Val He 
65 70 75 80 

Val Arg Tyr Pre His Val His Phe Asp Gin Ser Trp Gly His Val Ser 
65 90 95 

Leu Gly Lys Leu Met Phe Arg Met Phe Thr Gin Phe His Asn Phe Phe 
100 105 HO 

Glu Val Glu Tyr Leu Pro Val He Tyr Pro Leu Asp Asp Lys Glu Thr 
115 120 125 

Ala Val His Phe Arg Glu Arg Thr Ser Arg Ala He Ala Thr Ala Leu 
130 135 i 4 o 



44 



WO 00/49156 PCT/L'SOO/04526 



Asn Ala Val Gin Thr Giy His Ser Tyr Gly Asp He Met Leu His Met 
145 150 155 160 



Glu Ala Lys Glr: 
16 5 



CI -j Asn 



Met Val Gl\ 



Met Thr Lys Val Glu Ser Val Ser Pre 
130 185 



«:210 ■ 53 

<211- 1632 

<212s DNA 

''213 - Oryza sativa 



<400 ^ 53 

cttc:cgtcg 

ggagagggc 5 

:atctcggcc 

:-—actcgtg 

-aacgecat c 

geggat caac 

gt gggcagga 

tgagcatgea 

tttggcacag 

attccttcca 

:tgggcaaag 

accattttgc 

agct caggag 

tacaaaggga 

ta caacagt a 

gcaatcrt ca 

agaagacgat 

taagcatttg 

ateattgetg 

cctatggact 

actggtgacg 

agecaaggeg 

gcttatcaat 

gagectaate 

agagagattc 

agagaatgtt 

at cagtctgg 

aaaaaaaaaa 



ccggtggatt 
ctccctcggg 
ccgegagatt 
ct cgt cgt gc 
caggccgtcc 
aggt t ct t gg 
gttaagat ac 
cttgtcatat 
cget caggat 
gttattggct 
gatgaaaaga 
ctagcccttt 
tatgctgttt 
tttgtatcag 
attattccaa 
gtggtacatg 
gtttcaaaat 
gegacaggea 
gtgactt t gt 
caactcctgt 
gcggtcatgc 
get eggaace 
gggagct acc 
tttcctgtat 
taggagattt 
ttttttggca 
atttgttcag 
aa 



cgccgccgcc 
get gage at c 
ggaagtgagg 
t cccgct egg 
tgtttctctc 
ccgagct get 
aactgeatge 
caaataatcg 
gccttggaag 
ggt ecat gtg 
cat tgaaatg 
ttgttgaggg 
cacagggt tt 
ctgtaact at 
aagattcace 
tt cgcat gaa 
ggtgcaaaga 
cttttgat ga 
ttrggt catg 
cgacatggaa 
at gtct teat 
gt gtcaagaa 
aatzaattgg 
aa t gcaccaa 
ggt gaact ag 
gaacaggaat 
aagacctt t a 



t ccgccgccg 
cagccaect e 
gcagggcagg 
cctcet ettc 
gataaggecg 
gt ggcttcac 
t gatgacgaa 
gagegat a t c 
tacacttget 
gtttgcagaa 
gggect ccaa 
cact cget t t 
gccagcaccc 
tat gegggat 
t caaccaaca 
aegt cat gca 
catctttgt a 
ggagattaga 
t ct cctttta 
aggagt eggg 
catgttct eg 
agattgaaae 
gt attgaatt 
aagggttctt 
caactctgag 
t gtactactt 
gtgattt at g 



ccgccggagg 
ggcccgtt gc 
gcggcagggg 
ctcct ctccg 
ttct cgaaga 
ct ggt ctggc 
acttacaagg 
gatt ggct ta 
gttatgaaga 
tacct ctttt 
aggttgaagg 
actccagcaa 
agaaatgt at 
tttgt tccag 
atget gcgga 
atgagtgaga 
gcaaaggat g 
ccaattggcc 
tat ggcgccg 
tttaegggee 
cagt cagagc 
agat gaagat 
catgtaggca 
acagaactga 
ct ctgttgtg 
gtatttattg 
tatcagtgaa 



aggaggacga 
ctcct ctt eg 
ccatggcggt 
gectcat cat 
gcttgt accg 
ttgtggattg 
caatggggaa 
ttgggtggat 
aatcatcgaa 
tggaaaggag 
acttccccag 
agcttctagc 
tga ttccacg 
ctatt tatga 
t tttgaaage 
tgccaaagtc 
cattactgga 
geccagt aaa 
t caagctct t 
t tgggctege 
gat cgagct c 
agagt crgca 
acaaaat tga 
at gectgaat 
ctgtattttc 
gaacttctac 
acttaaaaaa 



6C 
12 0 
130 

2 40 
30 1 

3 6 C 

4 20 

4 60 

5 40 
60 0 
660 
72 0 
730 
840 
90 0 
960 

1020 
10 8 0 
114 0 
12 0 0 
12 60 
132 0 
1380 
14 4 0 
1500 
1560 
1620 
1632 



<210> 54 

<21H 374 

< 2 1 2 > PRT 

<213> Oryza sativa 



<400> 54 

Met Ala Val Pro Leu Val Leu Val 

1 5 

Leu Leu Ser Gly Leu lie lie Asn 
20 

Ser He Arg Pro Phe Ser Lys Ser 

35 40 



Val Leu Pro Leu Gly Leu Leu Phe 

10 15 

Ala He Gin Ala Val Leu Phe Leu 

25 30 

Leu Tyr Arg Arg He Asn Arg Phe 

45 
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Leu Ala Glu Leu Leu Trp Leu Gin Leu Vai Trp Leu Val Asp Trp T^p 
50 55 60 

Ala Gly Val Lys He GLr Leu His Ala Asp Asp Glu Thr Tyr Lys Ala 

65 ~5 SC. 

Mer ely Asn Glu His Ala Leu Val He Ser Asn Asn Arg Ser Asp He 
6 5 90 95 

Asp Trp Leu He Gly Trp He Leu Ala Gin Arg Ser Gly Cys Leu Gly 
IOC 105 HO 

Ser Thr Leu Ala Val Met Lys Lys Ser Ser Lys Phe Leu Pro Val lie 
1-= 120 125 

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Ser Trp 
130 135 140 

Ala Lys Asp Glu Lys Thr Leu Lys Trp Gly Leu Gin Arg Leu Lys Asd 

145 150 155 16C 

Phe Pro Arg Pre Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe 
16£ 170 175 

Thr Pre Ala Lys Leu Leu Ala Ala Gin Glu Tyr Ala Val Ser Gin Gly 
180 185 190 

Leu Pro Ala Pre Arg Asn Vai Leu He Pro Arg Thr Lys Gly Phe Val 
I 95 2 00 205 

Ser Ala Val Thr He Met Arg Asp Phe Vai Pro Ala He Tyr Asp Thr 
210 215 220 

Thr Val lie lie Pro Lys Asp Ser Pro Gin Pro Thr Met Leu Arg lie 
225 23G 235 240 

Leu Lys Gly Gin Ser Ser Vai Val His Val Arg Met Lys Arg Hxs Ala 
245 250 255 

Met Ser Glu Met Pro Lys Ser Glu Asp Asp Val Ser Lys Trp Cys Lys 
260 265 270 

Asp He Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His Leu Ala Thr 
275 280 285 

Gly Thr Phe Asp Glu Glu He Arg Pro He Gly Arg Pro Val Lys Ser 
290 295 300 

Leu Leu Val Thr Leu Phe Trp Ser Cys Leu Leu Leu Tyr Gly Ala Val 
305 310 315 320 

Lys Leu Phe Leu Trp Thr Gin Leu Leu Ser Thr Trp Lys Gly Val Gly 
325 330 335 

Phe Thr Gly Leu Gly Leu Ala Leu Val Thr Ala Val Met His Val Phe 
34C 345 350 

He Met Phe Ser Gin Ser Glu Arg Ser Ser Ser Ala Lys Ala Ala Arg 
355 360 365 
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Asn Arg Val Lys Lys Asp 



:210 



14 25 
DNA 

Glvcine max 



-'40C> 55 
gcacqaggtt 
r cgt tgcgtt 
tcgccctggc 
ccgccctcct 
ssactt t gt a 
qgct t attga 
ctt taatggg 
ttgtt ggatc 
agaaat cttc 
1 1 ct ggagag 
gtgatttccc 
c :aaactatt 
tttt :attcc 
ct gc :attta 
ga ct :tccaa 
a a ct gccaga 
atgctctgtt 
::ggt:gacc 
ggtct gtaaa 
cagcttttgg 
cagagcgt t c 
tta-ttggcg 
::t:g:tttc 
citatcgatt 
c _ ;c:taga 



ccgtrtgctg 

gtgctctgct 

^ at t gcagca 

tgttaatctc 

cagaaggatc 

tt ggtgggca 

t aaagagcat 

ggttt eager 

aaagtttctg 

aagttgggcc 

tcttcccrtt 

agetgetcag 

aagaact aa g 

t ga tgt aaca 

gggacaacct 

tacagatgag 

agacaaacat 

aataaagt ct 

gttcctgcaa 

tttggcagtt 

aaacccggcc 

aact t aaagt 

aacat ct tat 

cattgttttt 

aaaatt caac 



acctgacct c 
ctget ccttt 
gcggccgt gg 
at tcaggcaa 
aacegggtag 
ggagt taagg 
gcacttgt ga 
cagcgttcag 
ccggt cattg 
aaggatgaaa 
t ggctagct c 
gaat at geca 
ggttttgttt 
gtagceatcc 
tcagtggtgc 
get gt tgetc 
atggct gagg 
ct tct ggtag 
tggt ettegt 
gt tactgeae 
aaga t cgtgc 
tgcatttatg 
cat agtatgc 
aat t taatt a 
eacctatttt 



ggaaa t cea a 
gggect gggc 
tggtaceatt 
t at gctat gt 
tagcagagct 
t ccaaatat t 
t aagcaat ea 
gtt gtctt gg 
get ggtcaat 
gcacattaaa 
t etttgtaga 
ct t ccact gg 
ct gcagt aag 
ct aagagt t c 
at gttcat at 
aatggtgt eg 
gtacttttag 
ttatatctt g 
tactct ctt c 
ttatgcaaat 
ctgcaaagt e 
tgtgatgagt 
ttctattcta 
ggata t cctt 
attttaaaaa 



agagggaaac 
tgggctgggc 
gggcctgctc 
cgt cgtaagg 
cttgtggctg 
cacagat cat 
cagaagt gat 
cagcact eta 
gtggttttct 
gtcaggcat c 
aggaacgegt 
attgcctgtt 
teatatgege 
ccctgct cct 
caagaggcat 
agatatatt t 
tgat eaagag 
ggcgtgtctg 
ct ggaagggt 
tct gattcaa 
aaaaaacaag 
gact catgt a 
t at atgtact 
ttgtattgac 
aaaaaaaaaa 



tcacggtgtt 
tgggctgggc 
ttctt cgect 
ccggtgt cga 
gaacttgtat 
gaaacctt t c 
at t gat t ggc 
gctgtgatga 
gagtatctt t 
cagegactga 
1 1 tacacagg 
cctagaaat g 
tcatttgttc 
a caat g ct a a 
t tgat gaagg 
gtggccaagg 
ctgeaggat a 
gttgttgcgg 
gttgcatttt 
ttctcacagt 
gggtcttgat 
atact catta 
attatgaatg 
agt ctagggg 
aaaaaact 



60 
120 
180 
240 
30 0 

3 60 
420 

4 80 
54 0 
60 0 
6 60 
720 
7&0 
84 C 
900 
9 60 

102 0 
108 0 
114 0 
1200 
1260 
132 0 
13 8 C 
144 0 
1498 



:210: 

■-in - - 



56 

377 

PRT 

Glycine max 



<'A0C> 
Met A^a 
1 


56 
He 


Ala 


Ala 

5 


Ala 


Ala 


Val 


Val 


Val 
10 


Pro 


Leu 


Gly 


Leu 


Leu 
15 


Phe 


Phe 


Ala 


Ser 


Gly 
20 


Leu 


Leu 


Val 


Asn 


Leu 
25 


lie 


Gin 


Ala 


He 


Cys 
30 


Tyr 


Val 


Val 


Val 


Arg 
35 


Pro 


Val 


Ser 


Lys 


Ser 
40 


Leu 


Tyr 


Arg 


Arg 


He 
45 


Asn 


Arg 


Val 


Val 


Ala 

5 0 


Glu 


Leu 


Leu 


Trp 


Leu 

55 


Glu 


Leu 


Val 


Trp 


Leu 

60 


lie 


Asp 


Trp 


Trp 


Ala 

65 


Gly 


Val 


Lys 


Val 


Gin 
70 


He 


Phe 


Thr 


Asp 


His 
75 


Glu 


Thr 


Phe 


Arg 


Leu 

80 


Met 


Gly 


Lys 


Glu 


His 
85 


Ala 


Leu 


Val 


He 


Ser 
90 


Asn 


His 


Arg 


Ser 


Asp 
95 


He 
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Asp Trp Leu Val Gly Trp Val Ser Ala Gin Arg Ser Gly Cvs Leu Glv 
ICO 105 iic 

Ser Thr Leu Aia Vai Me: Lvs L-s Ser Ser Lvs Phe Leu Pre Val I ' e 

i:= in:- ~ 125 

Gly_Trp Ser Met Trp ?he Ser Glu Tvr Leu ?r.e Leu Giu Arg Ser Tro 
130 135 140 

Aia Lys Asp G^u Ser Thr Leu Lvs Ser Glv lie Gin Arc: Leu Ser Asd 
145 150 155 ^ 160 

the Pro Leu Pro Phe Trp Leu Ala Leu Phe Val Glu Gly Thr Arg Phe 
165 170 175 

Thr Gin Aia Lys Leu Leu Ala Ala Gin Glu Tyr Ala Thr Ser Thr Gly 
i80 185 190 

Leu Pro Val Pro Arg Asn Vai Leu lie Pro Arg Thr Lys Gly Phe Val 
195 2 CO 20 5 

Ser Ala Val Ser His Met Arg Ser Fhe Vai Pre Aia lie Tyr Asd Vai 
210 215 220 

Thr Val Ala lie Pro Lys Ser Ser Pro Aia Pro Thr Met Leu Arg Leu 
225 230 235 240 

Phe Lys Gly Gin Pro Ser Val Val His Val His lie Lys Arg His Leu 
245 250 255 

Mer Lys Glu Leu Pro Asp Thr Asp Glu Aia Val Aia Gin Trp Cvs Arg 
26C 265 270 

Asi T 'e Phe Val Aia Lys Asp Aia Leu Leu Asp Lys His Met Aia Giu 
275 280 285 

Gly Thr Phe Ser Asp Gin Giu Leu Gin Asp Thr Gly Arg Pro Tie Lys 

2SC 2-5 300 

Ser Leu Leu Vai Val lie Ser Trp Aia Cys Leu Val Vai Ala Gly Ser 
305 310 315 320 

Vai Lys Phe Leu Gin Trp Ser Ser Leu Leu Ser Ser Trp Lys Gly Val 
325 330 335 

Aia Phe Ser Ala Phe Gly Leu Ala Val Val Thr Ala Leu Met Gin Tie 
340 345 350 

Leu lie Gin Phe Ser Gin Ser Glu Arg Ser Asn Pro Ala Lys lie Val 
355 360 365 

Pro Aia Lys Ser Lys Asn Lvs Gly Ser 
370 375 

<210,> 57 

<211> 1415 

<212> DNA 

<213> Triticum aestivuir, 
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<4CG> 57 



gcac gaggag 


aggagacgcg 


gcggcggcca 


tggegattec 


cctcct actc 


gt cct get cc 


60 


czct :ggcct 


cct ct tcct c 


ct crccggcc 


tegtccteaa 


;actgt ccac 


gecg ^attgt 


120 


t :tt gacga t 


aaggc^att c 


t ccaaccca; 


t gtaceggea 


gat e a a c c t a 


1 1 cctggccg 


1 -i ■") 




get tease:: 


atetc^cttg 


t ggaci ggt g 


gecaggtst t 


aaggtacagc 


2 J : i 


t jtj'CCUyc 


"ccagaaaci 


tggaaaciaa 


t gggcaaaga 


gcaegccctt 


ct estate cj. 


3 }i i 


atcatcgaag 


t gacattgat 


t ggct ggt t g 


gatggatt 1 1 


agcacag cct 


t caggatgt c 


3 -5 0 


i;ggaagcgc 


aatagctata 


a t gaagaaa t 


cct caaagt t 


ccttccagtt 


at t ggt t ggt 


*" 1 ! 


c:at gtggtt 


rqeagaatae 


ct cttttt gg 


agagaagct 5 


ggcaaaggat 


gaaaaaacac 


4 S 0 


t taaat ~ggg 


tcttcaaagg 


z z gaaagact 


tccccagatc 


attttggctt 


geccttttt g 


540 


ttgagggtac 


aagattracr 


ccagcaaaac 


ttttagcagc 


t caagaatat 


gcagtctcac 


60C 


agggt 1 1 gac 


a gege ztagg 


aatgt get ga 


tt ccacgaac 


aaagggat t t 


gtat caget g 


6c 0 


taagtattat 


gcgtgacttt 


gtcccagcta 


tctacgatac 


aacagtgatt 


at teeggaag 


720 


attcgcrtaa 


aceaacaat g 


ctgegtatt c 


ttcagggaca 


atcat cagtt 


gttcatgt ce 


78 0 


g-:ataaaacg 


ccat tcaatg 


agtgatatgc 


etaactegga 


tgaggatgt t 


t caaaatggt 


8 4 0 


g :aaaga:at 


atttg~agca 


aaggacgcgt 


t attggacaa 


acat at agca 


act ggt act t 


90 0 


ttcatgagga 


aattatacca 


at tggccgt c 


cagtgaaat c 


tttgat ggtg 


gt cctgt et t 


9 60 


■g-gtcatgtct 


ccrcctata: 


ggtgct cat a 


gattcttaca 


gtggacccaq 


ct ct t gt cga 


1 02C 


cgt ggaaagg 


agtgatcct c 


ttt gcttctg 


gattggcaat 


ggtaaccgcc 


gttatgeat g 


1080 


iat: :atcat 


gttctcgcag 


gccgagcgct 


caagctct gc 


gaaagcagca 


agggaccgag 


114 0 


tgaagaagga 


ttgatagctc 


gtgt gaaatt 


cagtctatag 


gggaactgee 


aat ttatt at 


12 00 


g:tcigaa:a 


t atgtagaca 


caggct ccat 


gggt caaat c 


tagtatgtcc 


t t gttgt cct 


126C 


cggtaagagc 


tt caggaat t 


ttgtgtggcg 


agaactgtga 


gctttcttcc 


ttetttctet 


1220 


a c t t t g w a a t 


gactrgraaa 


gatttgettt 


gccataccag 


gaat cgctgc 


tcgaattt at 


1380 


cgaaactr'L 


itttatcaaa 


aaaaaaaaaa 


aaaaa 






1415 



21C> 56 
37 4 

212: pp.T 

2H> Triticum aestivum 
<4 0C> 58 

Met Ala lie Pro Leu Val Leu Val Leu Leu Pro Leu Gly Leu Leu Phe 
1 5 10 ^ 15 

Leu Leu Ser Gly Leu Val Val Asn Thr Val Gin Ala Val Leu Phe Leu 
20 25 30 

Thr lie Arg Pro Phe Ser Lys Arg Leu Tyr Arg Gin He Asn Val Phe 

35 40 45 

Leu Ala Glu Leu Leu Trp Leu Gin Leu He Trp Leu Val Asd Trp Trp 

£ C 55 60 

Ala Gly lie Lys Val Gin Val Tyr Ala Asp Pro Glu Thr Tid Lys Leu 
65 70 75 * 80 

Met Gly Lys Glu His Ala Leu Leu lie Ser Asn His Ara Ser Asp He 
85 90 " 95 

Asp Trp Leu Val Gly Trp He Leu Ala Gin Arg Ser Gly Cys Leu Gly 
100 105 110 

Ser Ala He Ala He Met Lys Lys Ser Ser Lys Phe Leu Pro Val lie 
115 120 125 

Gly Trp Ser Met Trp Phe Ala Glu Tyr Leu Phe Leu Glu Arg Ser Trp 
130 135 140 
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Ala Lys Asp Giu Lys Thr Leu Lys Ser Giy Leu Gin Arg Leu Lys Asp 
145* 15C 155 16 0 

Phe Pro Arg Ser Phe Trr Leu Ala Leu Phe Val Glu Giy Thr Arg ?he 

1 £ 5 17 0 175 

Thr fro Ala Lys Leu Leu Ala Ala Gin Glu Tyr Ala Val Ser Gin Giy 
180 135 " 190 

Leu Thr Ala Pre Arg Asn Val Leu He Pro Arg Thr Lys Giy Phe Val 
195 200 ' 205 

Ser Ala Val Ser He Met Arg Asp Phe Val Pro Ala He Tyr Asp Thr 

210 215 ' 220 

Thr Val He lie Pre Glu Asp Ser Pro Lys Pre Thr Met Leu Arg lie 

225 230 235 240 

Leu Gin Giy Gin Ser Ser Val Val His Val Arg He Lys Arg His Ser 
245 250 255 

Met Ser Asp Met Pro Asn Ser Asp Giu Asp Val Ser Lys Trp Cys Lys 

260 265 270 

Asp lie Phe Val Ala Lys Asp Ala Leu Leu Asp Lys His He Ala Thr 
275 280 285 

Giy Thr Phe Asp Glu Giu lie He Pro lie Giy Arg Pro Vai Lys Ser 
290 295 300 

Leu Met Vai Vai Leu Ser Trp Ser Cys Leu Leu Leu Tyr Giy Ala His 
305 310 315 320 

Arg Phe Lea Hn Trp Thr Gin Leu Leu Ser Thr Trp Lys Giy Vai He 
325 330 335 

Leu Phe Ala Ser Giy Leu Ala Met Vai Thr Ala Vai Met His Vai Phe 
34C 345 350 

He Met Phe Ser Gin Ala Glu Arg Ser Ser Ser Ala Lys Ala Ala Arg 

355 360 365 

Asp Arg Vai Lys Lys Asp 
370 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 
1 . | j Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 



2. | | As all searchabte claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this international Search Report 
I 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. j y [ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Claims 1-20, all partially. 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/US 00/04526 



FURTHER INFORMATION CONTINUED FROM PCT/1SA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-20, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 2,8,28,40, or 46, isolated polynucleotide 
comprising a sequence encoding said polypeptide and further 
comprising the complement to said sequence, chimeric gene 
comprising said polynucleotide, host cell comprising said 
chimeric gene, method of selecting an oligonucleotide of at 
least 30 nucleotides of said polynucleotide which affects 
expression of an LPAAT isoenzyme, method of obtaining a 
nucleic acid encoding an LPAAT using said oligonucleotide, 
compositions of said polynucleotide or said oligonucleotide, 
and method of positive selection of a transformed cell using 
said polynucleotide. 



1.1. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.2. 



1.2. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.8. 



1.3. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.28. 



1.4. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.40. 



1.5. Claims: 1-20, all partially 

As subject 1, but limited to the specific amino acid 
sequence with seq.ID.46. 



2. Claims: 42 completely, and 1-19,21-40 partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 4,10,18,22,34,44,50,52, or 56, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
ol igoucleotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding an 
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LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucl eotide. 



3. Claims: 1-20,22-41, all partially 

Polypeptide of at least 100 amino acids having 80% homoloqv 
to one of seq.ID's 6,12,24,38, or 58, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
oligoucleotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding 
LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucl eotide. 



an 



4. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to seq.ID.14, isolated polynucleotide comprising a sequence 
encoding said polypeptide and further comprising the 
complement to said sequence, chimeric gene comprising said 
polynucleotide, host cell comprising said chimeric gene, 
method of selecting an oligoucleotide of at least 30 
nucleotides of said polynucleotide which affects expression 
of an LPAAT isoenzyme, method of obtaining a nucleic acid 
encoding an LPAAT using said oligonucleotide, compositions 
of said polynucleotide or said oligonucleotide, and method 
of positive selection of a transformed cell using said 
polynucleotide. 



5. Claims: 1-20,22-41, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 16,20,30,42,48, or 54, isolated 
polynucleotide comprising a sequence encoding said 
polypeptide and further comprising the complement to said 
sequence, chimeric gene comprising said polynucleotide, host 
cell comprising said chimeric gene, method of selecting an 
oligoucleotide of at least 30 nucleotides of said 
polynucleotide which affects expression of an LPAAT 
isoenzyme, method of obtaining a nucleic acid encoding an 
LPAAT using said oligonucleotide, compositions of said 
polynucleotide or said oligonucleotide, and method of 
positive selection of a transformed cell using said 
polynucleoti de. 
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6. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to one of seq.ID's 26 or 36, isolated polynucleotide 
comprising a sequence encoding said polypeptide and further 
comprising the complement to said sequence, chimeric gene 
comprising said polynucleotide, host cell comprising said 
chimeric gene, method of selecting an ol i goucleotide of at 
least 30 nucleotides of said polynucleotide which affects 
expression of an LPAAT isoenzyme, method of obtaining a 
nucleic acid encoding an LPAAT using said oligonucleotide, 
compositions of said polynucleotide or said oligonucleotide, 
and method of positive selection of a transformed cell using 
said polynucleotide. 



7. Claims: 1-19,21, all partially 

Polypeptide of at least 100 amino acids having 80% homology 
to seq.ID.32, isolated polynucleotide comprising a sequence 
encoding said polypeptide and further comprising the 
complement to said sequence, chimeric gene comprising said 
polynucleotide, host cell comprising said chimeric gene, 
method of selecting an oligoucleotide of at least 30 
nucleotides of said polynucleotide which affects expression 
of an LPAAT isoenzyme, method of obtaining a nucleic acid 
encoding an LPAAT using said oligonucleotide, compositions 
of said polynucleotide or said oligonucleotide, and method 
of positive selection of a transformed cell using said 
polynucleotide. 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a common inventive concept, could be searched 
without effort justifying an additional fee. 
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